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HOLOGRAM RECORDING MATERIAL COMPOSITION 
AND HOLOGRAM RECORDING MEDIUM 

FIELD OF THE INVENTION 
The present invention relates to a novel hologram recording material 
composition, and particularly a hologram recording material composition 
that can be easily formed into a film on production of a hologram recording 
medium and enables a recording medium being excellent in difiEraction 
efficiency, which is one of fundamental chai'acteiistics requii-ed for a 
hologram, to be produced, and it also relates to the hologram recording 
medium obtained therefrom. 

BACKGROUND OF THE INVENTION 
A hoiogi'am is a record of an interference pattern of coherent laser 
hght on a photosensitive material, and is used in vaiious field, such as an 
optical device, a three-dimensional display, interferometry and processing of 
an image and information, owing to the multi-functionality thereof. 

As a representative example of the conventional hologram recording 
material composition, a gelatin dichromate photosensitive material and a 
breached silver salt photosensitive material (desciibed, for example, in 
Display Holography Handbook , p. 66 to 67 (Gyoin Shokan, 1985) and 
Optical Engineering Handbook , p. 351 to 353 (Asakura Shoten, 1986)). 

However, although gelatin dichromate has a high diffraction 
efficiency, and a silver salt photosensitive material has a high sensitivity, 
these materials requii-e a comphcated process on production of a hologi-am. 
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and particularly they have a problem in that they require a wet 
development process. 

As a photosensitive material to eliminate the problem, a hologram 
recording material composition containing a photo -polymeriz able monomer 
is proposed. In this material, a photo -polymeriz able monomer is 
polymerized in a portion having a large hght amount in the interference 
pattern to cause a refractive index modulation in that portion, and thus a 
hologram is recorded. Examples thereof include a photo -polymerization 
type recording material mainly comprising cyclohexyl methacrylate and 
N-vinylcarbazole as photopolymerizable monomers; and a 
photo-polymerization initiator, and a photo-polymerization type recording 
material mainly comprising butyl methacrylate and ethylene glycol 
dimethacrylate as photopolymerizable monomers, and 

1-phenyhiaphthalene as an inert component not participating in the 
polymerization; and a photo -polymerization initiator (as described in Appl. 
Opt. , vol. 15, p. 534 (1976)). However, because these materials are in a 
hquid state, the composition flows between two surface materials on 
recording a hologram to prevent recording in good conditions. Furthermore, 
a unreacted monomer remains after recording the hologi'am in a portion of a 
small hght amount, and therefore the record is necessarily stabilized by 
conducting an exposure treatment on the whole surface. 

JP-A-3-36582 and JP-A-3-249685 disclose a hologram recording 
material composition mainly comprising an ally! monomer and an acryl 
monomer that have different polymerization reactivities and different 
refractive indices of resulting polymers. Upon using the composition, a 
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heat treatment is conducted after filling the composition between two 
surface materials to suppress the flowabilLty of the composition, and thus 
the problems are to be solved. 

However, the hologram recording material composition requires a 
heat treatment to be fixed between the two surface materials, and has a 
problem in that the process of film formation becomes complicated. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a hologram recording 
material composition that can eliminate the problems associated with the 
conventional products, i.e., the comp heated process of film formation, with 
exhibiting the excellent performance, such as transpai-ency, diffraction 
efficiency and resolution, equivalent to the conventional products. 

As a result of earnest investigations to attain the object described 
above by the inventors, a novel hologram recording material composition 
has been developed to complete the invention. 

The invention relates to a hologi'am recording material composition 
comprising (A) an allyl-based prepolymer being soluble in a non- aqueous 
solvent and having at least one allyl group in a molecule thereof and a 
molecular weight of 10,000 to 100,000, (B) a (meth)acrylate-based compound 
having at least one polymerizable unsaturated group in a molecule thereof, 
and (C) a photo-polymeiization initiator, wherein a difference between a 
refractive index of said allyl-based prepolymer (A) and a refi*active index of 
a polymer of said (meth)acrylate compound (B) is 0.005 or more (preferably 
0.01 or more). 
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The invention also relates to a hologram recording material 
composition comprising (A) an allyl -based prepolymer having at least one 
allyl group in a molecule thereof and a molecular weight of 10,000 to 
100,000, (B) a (meth)acrylate -based compound having at least one 
polymerizable unsaturated group in a molecule thereof, (C) a 
photo -polymerization initiator, and a non- aqueous solvent, wherein a 
difference between a refractive index of said allyl-based prepolymer (A) and 
a refractive index of a polymer of said (meth)acrylate compound (B) is 0.005 
or more (preferably 0.01 or more). 

DETAILED DESCRIPTION OF THE INVENTION 
The allyl-based prepolymer (A) used in the invention is a prepolymer 
being soluble in organic solvents and insoluble in water and having at least 
one allyl group in its molecule, and representative examples thereof include 
a diaUyl phthalate -based prepolymer. The allyl-based prepolymer (A) can 
be a homopolymer of an allyl-based monomer (al) or a copolymer of the 
allyl-based monomer (al) and the other copolymerizable monomer(s) (a2). 

Examples of the allyl-based monomer (al), namely an allyl 
compound and/or a methallyl compound (hereinafter referred to as 
"(meth)allyl compound") are (meth)allyl alcohol, (meth)allyl chloride, 
(me th) allyl acetate, (me th) allyl benzoate, (meth) allyl is o valerate, (me th) allyl 
caprylate, (meth) allyl cap ro ate, (meth)alLyl formate, (meth) allyl cinnamate, 
(meth) allyl salicylate, (meth) allyl dihydrojasmonate, (meth) allyl 
phenylacetate, (meth) allyl propionate, (meth) allyl butyrate, mono(meth) allyl 
adipate, mono(meth) allyl sebacate, mono (meth) allyl phthalate. 
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mono(irLeth)allyl isophthalate, niono(ineth)allyl terephthalate, 
mono(meth)allyl succinate, inono(meth)allyl trim ellit ate, mono(meth)aILyl 
succinate, mono(meth)allyl ricinolate, mono(nieth)allyl male ate, 
di(meth)aILyl adipate, di(meth)allyl sebacate, di(meth)allyl phthalate, 
di(meth)aRyl isophthalate, di(meth)allyl terephthalate, di(ineth)allyl 
succinate, di(ineth)allyl trim ellit ate, di(meth)allyl succinate, di(meth)allyl 
ricinolate, di(meth)allyl maleate, tri(meth)allyl phosphate, tri(meth)allyl 
isocyanurate and the like. 

Examples of the monomer (a2) which can copolymerize with the 
allyl-based monomer (al) are styrene, a-methylstyrene, divinylbenzene, 
vinyl biphenylcai'boxylate, mono(meth)acrylate such as benzyl methacrylate, 
phenoxy ethyl methacrylate, phenoxyethyl acrylate, 

2-hydroxy-3-phenoxypropyl acrylate, methyl methacrylate, ethyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, 2-ethylhexyl 
methacrylate, isodecyl methacrylate, n-lauryl methacrylate, n-stearyl 
methacrylate, methoxydiethylene glycol methacrylate, cyclohexyl 
methacrylate, tetrahydrofurfuryl methacrylate, isobornyl methacrylate, 
2 -hydroxyethyl methacrylate, 2-hydi*oxypropyl methacrylate, 
2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxybutyl 
methacrylate, dimethylaminoethyi methacrylate, diethylaminoethyl 
methacrylate, glycidyl methacrylate, tert-butyl methacrylate, isostearyl 
methacrylate, n-butoxy ethyl methacrylate, isoamyl acrylate, lauryl acrylate, 
stearyl acrylate, butoxy ethyl acrylate, ethoxy ethylene glycol acrylate, 
methoxytiiethylene glycol acrylate, tetrahydrofurfuryl acrylate, isobornyl 
acrylate, 2-hydi'Oxyethyl acrylate, 2-hydroxypropyl acrylate. 
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2-acryloyloxyethylsuccinic acid, 2-acryloyloxyethylphtha3ic acid, isooctyl 
acrylate, isomyristyl acrylate, isostearyl acrylate and vinyl acetate, and the 
Hke. 

In the allyl -based prepolymer (A) which is the copolymer, a weight 
ratio of the allyl -based monomer (al) to the copolymeiizable monomer (a2), 
(al) : (a2) is 20 (excluding 20) to 100 : 80 to 0, preferably 30 (excluding 30) to 
100 : 70 to 0, more preferably 40 to 100 : 60 to 0 expressed as percentage by 
weight. 

The allyl-based prepolymer (A) is preferably a hdmopolymer of a 
Hi allyl phthalate-based monomer or a triallyl isocyanurate-based monomer, 
or a copolymer of another copolymerizable monomer and the monomer. 
More preferably, it is the homopolymer of the diallyl phthalate-based 
monomer or the copolymer of the copolymerizable monomer and the 
monomer. The most preferably, it is the homopolymer of the diallyl 
phthalate-based monomer. 

There can also be suitably used a terpolymer of epichlorohydrin, 
ethylene oxide and allyl glycidyl ether, a terpolymer of diethylene glycol 
glycidyl methyl ether, ethylene oxide and allyl glycidyl ether, a terpolymer of 
2-[l, 3-bis(2-methoxyethoxyethoxy)propyl glycidyl ether, ethylene oxide and 
allyl glycidyl ether, and the like. 

The diallylphthalate-based monomer as a starting mateiial of the 
diallyl phthalate-based prepolymer is a compound selected from the group 
consisting of a diallylorthophthalate monomer, a diallylisophthalate 
monomer and diallylterephthalate monomer, and a combination of two or 
more of them. In order to obtain the diallyl phthalate-based prepolymer by 
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homopolymeiization of the diallyl phthalate-based monomer, the known 
polymerization reaction described, for example, in JP-B-35- 16035 can be 
conducted. In order to obtain the diallylphthalate -based prepolymer by 
copolymeiization of the diallylphthalate-based monomer, as the main 
component, with another monomer cop olymeriz able with the diallyl 
phthalate-based monomer, the known polymerization reaction described, for 
example, in Koervo Kagaku Zasshi . vol. 70(3), p. 360 to 364 (1967) can be 
conducted. 

In general, the copolymer mainly comprises a diallylphthalate 
constitutional unit. 

As the allyl-based prepolymer (A) used in the invention, a 
homopolymer, such as a diallylorthophthalate prepolymer, e.g., "Daiso DAP" 
produced by Daiso Co., Ltd., a diallyhsophthalate prepolymer, e.g., "ISO 
DAP" produced by Daiso Co., Ltd., and a diallylterephthalate prepolymer 
are preferred. The diallylterephthalate prepolymer can be, for example, a 
modified product thereof, e.g., "Daplen" produced by Daiso Co., Ltd. or 
"TAIC Prepolymer" produced by Nippon Kasei Chemical Co., Ltd. There 
can also be used the tei-polymer of epichlorohydrin, ethylene oxide and allyl 
glycidyl ether, e.g., "Epichlomer CG Series" produced by Daiso Co., Ltd., the 
tei-polymer of diethylene glycol glycidyl methyl ether, ethylene oxide and 
allyl glycidyl ether, the terpolymer of 2-[l, 

3-bis(2-methoxyethoxyethoxy)propyl glycidyl ether, ethylene oxide and allyl 
glycidyl ether (see JP-A- 11-269263 and JP-A- 11-345628), and the hke. 

Furthermore, the allyl-based prepolymer (A) can be an 
organic-inorganic complex transparent uniform material, which is a metallic 
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oxide polymer obtained through dehydration condensation by a sol -gel 
method, for example, of a metallic alkoxide having a metaUic atom, a gi'oup 
having an aromatic ring, and a hydrolyzable group as shown by the general 
formula below in the presence of a diallyl phthalate -based monomer and/or 
a diallyl phthalate -based polymer (see WO 99/14274). 

The metallic alkoxide is a substance represented by the general 
formula* 

XmM(Ar)nR2p 

wherein X represents an alkoxy group represented by the general formula 
RiQ (wherein represents a monovalent organic group); M represents a 
metallic atom selected from the group consisting of silicon, titanium, 
zirconium germaruum and aluminum; Ax represents a group having an 
aromatic ring; represents a monovalent organic group; m and n are a 
number of 1 or more; and p is a number of 0 or more, provided that m + n -t- 
p is the valence number of the metallic atom represented by M. 

Specific examples of a metaUic alkoxide having a tetravalent 
metallic atom (e.g., Si, Ti, Zr and Ge) include the following; (CHaOaMPh, 
(C2H50)3M(CH2Ph), (C2H30)3M(C2H40Ph), (C3H8NO)3MPh, 

(C4H90)3M(C3H4Ph), (CH4NO)2MPh2, (C2H50)2M(CH3MPh)2, 
(C3H50)2M(C4H8Ph)2, (C4Hl0NO)2M(C2H2O2Ph)2, 
(CH30)2M(C4H9NPh)(C4H9), (C2H50)2M(C4H602Ph)(C3H5), 

(C2H30)2M(C2H4Ph)(C2H50), (C3H8NO)2M(CH2Ph)(CH4N), 
(C4H90)2MPh(CH3), (CH4NO)2MPh(C2H5), (C2H50)2M(CH2Ph)(C3H70), 
(C3H50)2M(C2H2Ph)(C5H902), (C4HioNO)2MPh(C4HioN), 

(CH30)2M(CH20Ph)(C3H7), (C2H50)2M(C5H802Ph)(C4H9), 
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(C2H30)2MPh(C3H8N), (C3H8NO)2M(C2H4Ph)(C2H5), (C4H90)2MPh(C2H302), 

(CH4NO)2MPh(C3H7), (C2H50)2M(CH3NPh)(C3H502), 
(C3H50)2M(C4H8Ph)(C2H3) and (C4HioNO)2M(C2H202Ph)(CH3). 

Preferred examples of metallic alkoxide are phenylalkoxysilane such 
as (CH30)3MPh, (C2H50)3MPh, (C3H70)3MPh, (C4H90)3MPh, (CH30)2MPh2, 
(C2H50)2MPh2, (C3H70)2MPli2 or (C4H90)2MPh2 and 
phenyltiimethoxysilane is the most preferable among them. 

Preferred examples of Aluminum alkoxide include the following. 

(CH30)2AlPh, (C2H50)2AlPh, (C3H70)2AlPh, (C4H90)2AlPh, (CH30)AlPh2, 
(C2H50)AlPh2, (C3H70)AlPh2, (C4H90)AlPh2. 

The allyl -based prepolymer (A) can have a thio ether group and/or a 
halogen atom connected to the main chain thereof. The introduction of a 
thioether group and/or a halogen atom is conducted by a method where a 
thiol compound and/or a halogen is added to a polymeiization system of an 
allyl -based monomer, or a method where a thiol compound and/or a halogen 
are subjected to an addition reaction with the allyl-based prepolymer (A). 
Examples of the thiol compound used for the introduction of a thioether 
group include a thiophenol-based compound, such as thiophenol, 
2-chlorothiophenol, 4 -chloro thiophenol, 4- tert-butyl thiophenol and 
4-mercaptophenoL dithiol-based compound such as 4,4'-thiodibenzenethiol; 
aliphatic thiol compound such as n-butylmercaptan and n-laurylmercaptan. 
Examples of the halogen used for the introduction of an halogen atom 
include bromine and chloiine. 

Examples of each of the homopolymer or copolymer of an allyl-based 
monomer, the orgardc-inorganic complex transparent material, and the 
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allyl-based prepolymer containing a thioether gi'oup (or a halogen atom) can 
be used singly or in combiaation of two or more of them. Furthermore, the 
homopolymer or copolymer of an allyl-based monomer can be used in 
combination with the organic-inorganic complex transparent material 
and/or the allyl-based prepolymer containing a thioether group (or a halogen 
atom). 

It is particularly preferred that the diallylphthalate -based 
prepolymer is a prepolymer that can be subjected to post -polymerization 
having a softening temperature of from 50 to 110°C, an iodine value 
measured by the Wijs method of from 50 to 95, a viscosity as a methyl ethyl 
ketone 50% solution (30°C) of from 50 to 300 cp, and an average molecular 
weight of polystyrene conversion measure by the GPC (gel permeation 
chromatography) method of from 10,000 to 100,000, and preferably from 
30,000 to 60,000. 

The hologi'am recording material composition of the invention can 
further contain a solvent-soluble thermoplastic resin (D) in addition to the 
allyl-based prepolymer (A), the (meth)acrylate -based compound (B) and the 
photo-polymerization initiator (C). The weight proportion of the 
thermoplastic resin (D), in terms of a weight ratio to the allyl-based 
prepolymer (A), (A) : (D) is from 80 ' 20 to 100 : 0, and preferably from 85 : 
15 to 100 ' 0. The thermoplastic resin (D) is selected in such a manner that 
a difference between the refractive index of the polymer of the 
(meth)acrylate-based compound (B) and the weighted mean of those of the 
allyl-based prepolymer (A) and the thermoplastic resin (D) is 0.01 or more. 
As the solvent-soluble thermoplastic resin (D), those having a refractive 
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index of from 1.300 to 1.800 are preferably used in the present invention. 
Specific examples thereof include a condensation polymerization product of 
a diphenol compound and a dicarboxylic acid compound, a resin having a 
carbonate group in the molecule, a resin having an -S02" group in the 
molecule, polyvinyhdene chloxide, and a homopolymer or copolymer 
obtained by polymerizing at least one monomer having an ethylenic 

0 unsaturated double bond. These polymers can be used singly or in 
C= combination of two or more thereof. 

iJl Examples of the condensation polymerization product of a diphenol 

iJl 

1 J] compound and a dicarboxylic acid compound include polyarylate. 

Examples of the resin having a carbonate group in the molecule include 
1^ polycarbonate. Examples of the resin having an -S02- group in the 

1^ molecule include polysulfone and polyether sulfone. Examples of the 

homopolymer or copolymer obtained by polymerizing a monomer having an 
ethylenic unsaturated double bond include polystyrene, polymethyl 
methacrylate. an ethylene -vinyl acetate copolymer, polymethylpentene, a 
cycHc olefin polymer, and a copolymer of a cychc olefin and ethylene. 

In order to obtain a high difiraction ef&ciency, polyarylate, 
polycarbonate and polysulfone are preferably used. 

The (meth)acrylate-based compound (B) used in the invention is a 
compound having at least one polymeiizable unsaturated gi-oup, such as a 
(meth)acryl gi'oup, in the molecule, and is a compound obtained by 
esterification of (me th) acrylic acid with a monovalent or polyvalent alcohol, 
and an ohgomer, such as a dimer and a tiimer, thereof. The 
(meth)acryl ate -based compound (B) can be fluorene (meth)acrylate. In 
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general, a polymer of the (iiieth)acrylate -based compound (B) has a 
refractive index smaller than that of the allyl-based prepolymer (A), 
provided that a polymer of fluorene (meth)acrylate has a refractive index 
larger than the refractive index of the aUyl -based prepolymer (A). The 
(meth)acrylate-based compound (B) has at least one, preferably from 1 to 6, 
(the most preferably two) polymerizable unsaturated group in the molecule. 
The (meth)acrylate -based compound (B) has a molecular- weight of 
C= preferably 2,000 or less, and more preferably 1,500 or less. The 

(meth)acrylate -based compound (B) is selected depending on the extent of 

III 

!£j the refractive index modulation and the usage of the resulting hologram. 

The (meth)acrylate -based compound (B) can comprise from 10 to 
1^ 100% by weight of at least one radical polymerizable compound (b l) selected 

p from the group consisting of a fluorene-based compound [I], a sulfide-based 

;^ cyclic compound [II], a halogenated cyclic compound [III] and a 

carbazole-based compound [IV] mentioned later. 

(Meth)acrylate-based compound (B) are exemplified as follows. 
Examples of mono(meth)acrylate include the following. Methyl 
methacrylate, ethyl methacrylate, n-butyl methacrylate, isobutyl 
methacrylate, 2-ethylhexyl methacrylate, isodecyl methacrylate, n-lauryl 
methacrylate, n-stearyl methacrylate, methoxydiethylene glycol 
methacrylate, cyclohexyl methacrylate, tetrahydi'ofuifiiryl methacrylate, 
benzyl methacrylate, phenoxy ethyl methacrylate, isobornyl methacrylate, 
2 -hy droxyethyl methacrylate, 2 -hy droxypropyl methacrylate, 
2 -hydroxy ethyl acrylate, 2 -hy droxypropyl acrylate, 2-hydi*oxybutyl 
methacrylate, dimethylaminoethyl methacrylate, diethylaminoethyl 
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methacrylate, glycidyl methacrylate, tert- butyl methacrylate, isosteaiyl 
methacrylate, n-butoxy ethyl methacrylate, isoamyl acrylate, lauryl acrylate, 
stearyl acrylate, butoxy ethyl acrylate, ethoxy ethylene glycol acrylate, 
methoxytriethylene glycol acrylate, phenoxy ethyl acrylate, 
tetrahydi-ofurfuryl acrylate, isobornyl acrylate, 2-hydroxyethyl acrylate, 
2-hydi'Oxypropyl acrylate, 2-hydroxy-3-phenoxypropyl acrylate, 

p 2-acryloyloxyethylsuccmic acid, 2-acryloyloxyethylphthalic acid, isooctyl 

\n acrylate, isomyristyl acrylate, isostearyl acrylate. 

iJI Examples of di(meth) acrylate include the following. Ethylene glycol 

iji dim eth acrylate, diethylene glycol dimeth acrylate, triethylene glycol 

131 

s= dim eth acrylate, tetraethylene glycol dim eth acrylate, nonaethylene glycol 

i5 diacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol dim eth acrylate, 

iV 1,9-nonanediol dimethacrylate, glycerin dimethacrylate, 

H 2-hydroxy-3-acryloyloxypropyl methacrylate, neopentyl glycol 

dimethacrylate, 1,3-butanediol dimethacrylate, 1,10-decanediol 
dimethacrylate, ethylene glycol diacrylate, diethylene glycol diacrylate, 
triethylene glycol diacrylate, tetraethylene glycol diacrylate, 1,4-butanediol 
diacrylate, 1,6-hexanediol diacrylate, 1,9-nonanediol diacrylate, glyceiin 
diacrylate, 2-hydxoxy-3-acryloyloxypropyl acrylate, neopentyl glycol 
diacrylate, 1,3-butanediol diacrylate, 1,10-decanediol diacrylate. 

Examples of tri(meth) acrylate include the following. 
Trimethylolpropane trimethacrylate, pentaerythritol trimethacrylate, 
trimethylolpropane triacrylate, pentaerythritol triacrylate. 

Examples of tetra(meth) acrylate include the following. 
Pentaerythritol tetramethacrylate, pentaerythritol tetraacrylate, 
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ditrimethylolpropane tetramethaciylate, ditrimethylolpropane tetraacrylate, 
tetramethylolmethane tetraacrylate, etc. 

Examples of hexa(ineth)acrylate include the following. 
Dipentaerythritoi hexamethacrylate, dipentaerythritol hexaacrylate, etc. 

Preferred oligomer is a dimer or tiimer of a compound obtained by 
esterification of (meth)acryKc acid with a monovalent or polyvalent alcohol. 

Examples of aromatic compounds are styrene, 2-chlorostyrene, 

2- bromostyrene, vinyltoluene, divinylbenzene, 2-vinylbiphenyl, 

3- vinylbiphenyl, 4-vinylbiphenyl, divinylbiphenyl, 4, 4'-divinylbiphenyl, 
vinylnaphthalene, divinylnaphthalene, 2, 2 -bis [3, 
5-dibromo-4-(2-methacryloyloxyethoxy)phenyl]propane, 2, 2 -bis [3, 
5-dibromo-4-(2-acryloyloxyethoxy)phenyl]propane, phenyl (meth)acrylate, 
2-phenylethyl (meth)acryiate, 2-phenoxyethyl (meth)acrylate, 
phenolethoxylate mono(meth)acrylate, p-chlorophenyl (meth)acrylate, 
2-(p-chlorophenoxy)ethyl (meth)acrylate, p-bromophenyl (meth)acrylate, 
2-(p-bromophenoxy)ethyl (meth)acrylate, 1, 4-benzenediol di(meth)acrylate, 
1, 3, 5-triisopropenylbenzene, 2-(l-naphthyloxy)ethyl (meth)acrylate, 
ethoxylate bisphenol A di(meth)acrylate, bisphenol A 
dL(2-(meth)acryloxy ethyl) ether and the like. 

These examples can be used singly or in combination of two or more 
of them. 

Preferred Gneth)acrylate -based compounds (B) are 
di(meth)acrylate -based compounds. Particularly preferred compounds are 
ethylene glycol dimethacrylate, neopentyl glycol diacrylate, nonaethylene 
glycol dimethacrylate, polyethylene glycol dimethacrylate (n=14) and 
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9 ,9 -bis (4- (2 - acryloyloxyethoxy)phenyl)£luorene. 

The radical polymerizable compound (bl) is described hereinafter. 
The fLuorene -based compound is represented by the general formula 




wherein Ri and R2, being the same or different, are monovalent organic 
groups at least one of which has a radical polymerizable group at its 
terminal, Mi and M2, being the same or different, are divalent organic 
groups represented by -(OR)ni" (wherein R is lower alkylene which can have 
hydroxyl and/or oxygen, and nl is 0 or an integer of 1 to 5) or single bonds, 
and Xi and X2, being the same or different, are substituents of the rings and 
are halogen, hydroxyl or lower alkyl. 

The sulfide-based cychc compound is represented by the general 
formula [II], 



R3-M3 




wherein R3 and R4, being the same or diJfferent, are monovalent organic 
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groups, at least one of which has a radical polymeiizable gi'oup at its 
terminal, M3 and M4, being the same or different, are divalent organic 
groups represented by -(0R)n2" (wherein R is lower alkylene which can have 
hydroxyl and/or oxygen, and n2 is 0 or an integer of 1 to 5) or single bonds, 
Xsis a substituent of the ring and is halogen, hydroxyl or lower alkyl, T' is 
an X3 number of 0 to 6, Yi is a ring member atom constituting the ring, all of 
the atoms (Yi )m are carbon atoms, or a portion of them is carbon atom(s) 
and the rest atoms are hetero atoms, and "m" is a member number of the 
ring of 5 to 8, 



The halogenated cycHc compound is represented by the general 
formula [III], , . 



wherein X4 is a substituent of the ring, at least one of plural (X4 ) q is 
halogen and others are hydroxyl or lower alkyl, "q" is an integer of 2 to 6, Rs 
is a monovalent organic group, at least one of plural (R5 )p has a radical 
polymerizable group at its terminal, Ms is a divalent organic group 
represented by -(OR)n3- (wherein R is lower alkylene which can have 
hydroxyl and/or oxygen, and n3 is 0 or an integer of 1 to 5) or a single bond, 
"p" is an integer of 1 to 4, Y2 is a ring member atom constituting the ring, all 
of the atoms (Y2)k are carbon atoms, or a portion of them is carbon atom(s) 
and the rest atoms ai*e heteroatoms, and "k" is a member number of the ring 
of5to8. 



The carbazole-based compound is represented by the general 




[III] 
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form Ilia [IV], 

Ms-Rs 




wherein Re, R? and Rs, being the same or different, are monovalent organic 
groups, at least one of which has a radical poiymerizable group at its 
terminal, Me, M7 and Ms, being the same or different, are divalent organic 
groups represented by -(OR)ii4" (wherein R is lower alkylene which can have 
hydroxyl and/or oxygen, and n4 is 0 or an integer of 1 to 5) or single bonds, 
and X5 and Xe, being the same or different, are substituents of the ring and 
are halogen, hydroxyl or lower alkyL 

The fluorene-based compound [I] is as follows among radical 
poiymerizable compound (bl). 

In the general formula [I] of the fluorene -based compound, in the 
organic groups Ri and R2, the radical poiymerizable group can be a 
functional group such as vinyl, (meth)acryloyl or (meth)acryloyloxy The 
organic groups Ri and R2 having no radical poiymerizable group can be 
lower alkyl having one to five carbon atoms. 

In -(OR)ni- of Ml and M2, a carbon number of the lower alkylene R is 
preferably one to five, more preferably one to three. Examples of OR are 
oxymethylene, oxyethylene, oxypropylene, oxybutylene and the like. 
Examples of (OR)ni (nl is an integer of 2 to 5) are dioxymethylene, 
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dioxyethylene, dioxypropylene, dioxybutylene, trioxymethylene, 
trioxy ethylene, trioxypropylene, trioxybutylene, tetraoxymethylene, 
tetraoxy ethylene, tetraoxypropylene, tetraoxybutylene and the like. When 
the lower alkylene R has hydroxyl, the hydroxyl can exist at any positions of 
the alkylene, and an .example of the alkylene having hydroxyl is 
(2-hydroxy)propylene. 

The organic groups Xi and X2 can be alkyl having one to five carbon 
atoms such as methyl, ethyl or propyl. 

The fluorene-based compound [I] is exemplified hereinafter. 
Examples of fluorene-based (meth)acrylate are 9, 
9-bis(4-(meth)acryloyloxyphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxymethox3T>henyl)fluorene, 9, 
9 -bis (4- (2 - (meth) acryloyloxy ethoxy)phenyl)fluorene , 9 , 
9-bis(4-(2-(meth)acryloyloxypropoxy)phenyl)fluorene, 9, 
9-bis(4-(3-(meth)acryloyloxypropoxy)phenyl)fluorene, 9, 
9"bis(4-(meth)acryloyloxydimethoxyphenyl)fluorene, 9, 
9 -bis (4 -(meth) acryloyloxy die thoxyphenyDfluor en e, 9, 
9 -bis (4 -(meth) acryloyloxy dip ropoxyphenyOfluorene, 9, 
9 -bis (4- (meth) acryloyloxy trimethoxyphenyOfluorene, 9, 
9 - bis (4- (meth) acryloyloxy tile thox5nphenyl)fluorene, 9 , 
9 -bis (4- (meth) acryloyloxy tripropoxyphenyOfluorene, 9, 
9-bis(4-(meth)acryloyloxytetramethoxyphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxytetraethox3rphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxytetrap ropoxyphenyOfluorene, 9, 
9-bis(4-(meth)acryloyloxy-3-methylphenyl)fluorene, 9, 
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9-bis(4-(meth)acryloyloxymethoxy-3-methylphenyl)fluorene, 9, 
9-bis(4-(2-(meth)acryloyloxyethoxy)-3-methylphenyl)fluorene, 9, 
9 -bis (4 - (2 - (meth) acryloyloxyprop oxy) - 3 -methylphenyOfluorene , 9 , 
9 "bis (4 -(3 - (meth) acryloyloxyprop oxy) ■ 3 -methylphenyDfluorene, 9, 
9 -bis (4- (meth) acryloyloxydimethoxy- 3 -methylphenyOfluorene, 9, 
9 -bis(4- (meth) acryloyloxydiethoxy- 3 -methylphenyOfluorene, 9, 
9-bis(4-(meth)acryloyloxydipropoxy- 3 -methylphenyDfluorene, 9, 
9 -bis(4-(meth)acryloyloxytrimethoxy- 3 -methylphenyOfluorene, 9, 
9 ■bis(4-(meth)acryloyloxytriethoxy-3 -methylphenyOfluorene, 9, 
9 "bis (4- (meth) acryloyloxytriprop oxy- 3 -methylphenyOfluorene, 9, 
9 -bis (4- (meth) acryloyloxytetramethoxy- 3 -methylphenyOfluorene, 9, 
9 -bis(4" (meth) acryloyloxytetraethoxy- 3 -methylphenyOfluorene, 9, 
9-bis(4-(meth)acryloyloxytetrapropoxy-3-methylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxy-3-ethylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxymethoxy-3-ethylphenyl)fluorene, 9, 
9-bis(4-(2-(meth)acryloyloxyethoxy)-3-ethylphenyl)fluorene, 9, 
9-bis(4-(2-(meth)acryloyloxypropoxy)-3-ethylphenyl)fLuorene, 9, 
9 -bis (4- (3 - (meth) acryloyloxjrprop oxy) - 3 ■ ethylphenyOfluorene, 9 , 
9-bis(4-(meth)acryloyloxydimethoxy-3-ethylphenyl)fluorene, 9, 
9 -bis(4-(meth)acryloyloxydiethoxy-3 -ethylphenyOfluorene, 9, 
9 ■bis(4- (meth) acryloyloxy diprop oxy - 3 - ethylphenyOfluorene , 9 , 
9 ■bis(4- (meth) acryloyloxy trimethoxy - 3 - ethylphenyOfluorene , 9 , 
9 -bis(4-(meth)acryloyloxytiiethoxy -3 -ethylphenyOfluorene, 9, 
9-bis(4-(meth)acryloyloxytripropoxy-3-ethylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxytetramethoxy- 3 -ethylphenyOfluorene, 9, 



19 



9 -bis(4-(meth)acryloyloxytetraethoxy - 3 - ethylphenyl)£Luorene, 9 , 
9-bis(4-(ineth)acryloyloxytetrapropoxy-3-ethylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxy-3-propylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxymethoxy-3-propylphenyl)fluorene, 9, 
9-bis(4-(2-(ineth)acryloyloxyethoxy)-3-propylphenyl)£Luorene, 9, 
9 -bis(4- (2 -(meth)acryloylox3rpropoxy) -3 -propylphenyDfluorene, 9 , 
9-bis(4-(3-(ineth)acryloyloxypropoxy)-3-propylphenyl)fluorene, 9, 
9-bis(4-(ineth)acryloyloxydimethoxy-3-propylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxydiethoxy-3-propylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxydipropoxy-3-propylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxytrimethoxy-3-propylphenyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxytriethoxy-3-propylphenyl)fluorene, 9, 
9 -bis (4 - (me th) acryloyloxy trip r op oxy - 3 -p r op yip henyDflu or en e , 9 , 
9-bis(4-(ineth)acryloyloxytetramethoxy-3-propylplienyl)fluorene, 9, 
9-bis(4-(meth)acryloyloxytetraethoxy-3-propylphenyl)fLuorene, 9, 
9-bis(4-(nieth)acryloyloxytetrapropoxy-3-propylphenyl)fluorene, 9, 
9 -bis(4-(meth) acryloyloxy- (2 -hydi*oxy)propoxyphenyl)fluorene, 9, 
9-bis(4-(ineth)acryloyloxy-(2-hydroxy)propoxy-3-methylphenyl)fluorene, 9, 
9 -bis (4 -(meth) acryloyloxy- (2 -hydroxy)prop oxy ethoxyphenyDflu or ene, 
bisphenolfLuorene dihydroxyacrylate, namely an acrylic acid adduct of 9, 
9-bis(4-hydi-oxyplienyl)£Luorene glycidyl ether (produced by Nippon Steel 
Chemical Co., Ltd.), bisphenolfLuorene dimethacrylate (produced by Nippon 
Steel Chemical Co., Ltd.), bisphenoxyethanolfluorene diacrylate (BPEF-A 
produced by Osaka Gas Co., Ltd.), bisphenoxyethanolfluorene 
dimethacrylate (BPEF -MA produced by Osaka Gas Co., Ltd.), 
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bisphenoxyethanoUBLuorene diepoxyacrylate (BPEF-GA produced by Osaka 
Gas Co., Ltd.), bisphenolfluorene diepoxyacrylate (BPF-GA produced by 
Osaka Gas Co., Ltd.), biscresolfluorene diepoxyacrylate (BCF-GA produced 
by Osaka Gas Co., Ltd.) and the like. 

Pai'ticularly preferred fluorene compounds are bisphenolfluorene 
dihydroxyacrylate, namely an acrylic acid adduct of 9, 
9-bis(4-hydi-oxyphenyl)fLuorene glycidyl ether (produced by Nippon Steel 
Chemical Co., Ltd.), bisphenolfluorene dimethacrylate (produced by Nippon 
Steel Chemical Co., Ltd.), bisphenoxyethanolfluorene diacrylate (BPEF-A 
produced by Osaka Gas Co., Ltd.), bisphenoxyethanolfluorene 
dimethacrylate (BPEF-MA produced by Osaka Gas Co., Ltd.), 
bisphenoxyethanolfluorene diepoxyacrylate (BPEF-GA produced by Osaka 
Gas Co., Ltd.), bisphenolfluorene diepoxyacrylate (BPF-GA produced by 
Osaka Gas Co., Ltd.), biscresolfluorene diepoxyacrylate (BCF-GA produced 
by Osaka Gas Co., Ltd.) and the like. 

The fluorene -based compound can be an ohgomer such as a dimer or 
a trimer of the above-mentioned compound. 

These exemplified compounds can be used solely or in combination. 

Next, the sulfide -based cychc compound [II] is described. 

In the general formula [II] of the sulfide -based cyclic compound, the 
circle represents cyclic structure, Yi is a ring member atom constituting the 
ling, and "m" is the number of the constituent atom Yi of the ring, namely 
the member number of the ring, "m" is preferably 5 to 8, more preferably 5 
or 6, the most preferably 6. The plural atoms (Yi )m can be all cai'bon 
atoms (in this case, the ring is a carbon ring), or a portion of the plural 
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atoms (Yi )m can be heteroatom(s) such as sulfur atom(s), nitrogen atom(s) 
and/or oxygen atom(s) and the rest atoms can be carbon atoms Gn this case, 
the ring is a heterocycle). The ring can be saturated or unsaturated, and 
the ring preferably has unsaturated bond(s). "n" is preferably 1 to 5, more 
preferably 1 to 3, the most preferably 2 or 3. X3, is a substituent of the ring 
and is halogen, hydroxyl or lower alkyl. The X3 number 'T' is preferably 0 
to 6, more preferably 0 to 4, the most preferably 0 to 2. 

In the organic groups R3 and R4, the radical polymerizable group can 
be a functional group such as vinyl, (meth)acryloyl or (meth)acryloyloxy. 
The organic groups R3 and R4 having no radical polymerizable group can be 
lower alkyl having one to five carbon atoms. The heteroatom(s) can be 
nitrogen atom(s), oxygen atom(s) and/or sulfur atom(s). 

In -(OR)ii2" of M3 and M4, a carbon number of the lower alkylene R is 
preferably one to five, more preferably one to three. Examples of OR are 
oxymethylene, oxy ethylene, oxypropylene, oxybutylene and the like. 
Examples of (0R)n2 (n2 is an integer of 2 to 5) are dioxymethylene, 
dioxy ethylene, dioxjrpropylene, dioxybutylene, trioxymethylene, 
trioxy ethylene, tiioxypropylene, trioxybutylene, tetraoxymethylene, 
tetraoxy ethylene, tetraoxjrpropylene, tetraoxybutylene and the Hke. When 
the lower alkylene R has hydroxyl, the hydroxyl can exist at any positions of 
the alkylene, and an example of the alkylene having hydroxyl is 
(2-hydroxy)propylene. 

The sulfide -based cycHc compound [II] is exemplified hereinafter. 

Symmetric compounds having functional groups (acryl, methacryl, 
vinyl) at the 2nd-, 3rd-, 4th-position of the phenyl ring: 
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bis(2-(nieth)acryloylthiophenyl)sulfide, bis (2 -vinylthiophenyl) sulfide, 

bis (3 - (meth) acryloylthiophenyDsuL&de , bis (3 - vinylthiophenyDsiilfide , 

bis (4- (me th)acryloylthiophenyl) sulfide and bis(4-vinylthiophenyl)sulfide, 

Asymmetric compounds having functional gi-oups (acryl, methacryl, vinyl) at 

the 2nd-, 3rd-, 4th-position of the phenyl ring: 

2-(meth)acryloylthiophenyl-3'-(meth)acryloylthiophenylsulfide, 

2-(meth)acryloylthiophenyl-4'-(meth)acryloylthiophenylsulfide, 

3 - (meth) acryloylthiophenyl- 4' - (meth) acryloylthiophenylsulfide, 

2-vinylthiophenyl-3'-vinylthiophenylsulfide, 

2- vinylthiophenyl-4'-vinylthiophenylsuL&de, 

3 - vinylthiophenyl- 4' -vinyl thiophenylsulfi.de, 

2 -(meth) acryloylthiophenyl -3'- vinyl thiophenylsulfide, 

2 - (meth) acryloylthiophenyl- 4' -vinylthiophenylsulfide and 

3- (meth) acryloylthiophenyl- 4' -vinyl thiophenylsuLfide. 

Compounds having functional groups (acryl, methacryl, vinyl) and 
substituents (halogen, lower alkyl, hydroxyl) at the 2nd-, 3rd-, 4th -position 
of the phenyl ring: bis(3-bromo-2-(meth)acryloylthiophenyl)sulfide, 
bis(4-chloro-2-(meth)acryloylthiophenyl)sulfide, 
bis (3 "hydroxy -2 - vinyl thiophenyl) sulfide, 
bis(2 -methyl- 3- (meth) acryloylthiophenyDsulfide, 
bis(4-propyl-3-(meth)acryloylthiophenyl)sulfide, 
bis (2 -ethyl- 3 - vinylthiophenyOsulfide, 
bis(2 -butyl- 4- (meth) acryloylthiophenyDsulfide, 
bis(3-pentyl-4-(meth)acryloylthiophenyl)sulfide, 
bis(2 -hydroxy -4- vinyl thiophenyOsidfide, 



23 



3 "bromo - 2 - (meth) acryloylthiophenyl- 3' - (meth)acryloylthiopheny 
3-ethyl-2-(meth)acryloylthiophenyl-4'-(meth)acryloylthiophenylsul&de, 

2 - hydroxy- 3-(meth)acryloylthiophenyl-4'- (meth) acryloylthiophenylsulfide, 

3- bromo-2-(rneth)aciyloylthiophenyl-2'-butyl-3'-(nieth)acryloylthiophenyl- 
sulfide, 3 -ethyl- 2 -(meth) acryloylthiophenyl- 3' -hydroxy -4'- (meth)acryloyl- 
thiophenylsulfide, 2 -hydroxy- 3 (meth) acryloylthiophenyl -2'- chloro- 4'- 
(meth) acryloylthiophenylsulfi.de, 3-bromo-2-vinylthiophenyl-2'-butyl-3'- 
vinylthiophenylsulfide, 3-ethyl-2-vinylthiophenyl-3*-hydroxy-4*- 
vinylthiophenylsulfide, 2-hydi*oxy-3-vinylthiophenyl-2'-chloro-4'- 
vinylthiophenylsulfide, 3-bromo-2-(meth)acryloylthiophenyl-2'-butyl-3'- 
(meth)acryloyithiophenylsulfide, 3-ethyl-2-(meth)acryloylthiophenyl-3'- 
hydi-oxy-4'-(meth)acryloylthiophenylsul£.de, 2-hydroxy-3-(meth)acryloyl- 
thiophenyl- 2' -chlor o - 4' - (meth) acryloylthiophenylsuLfide , 

3 -bromo -2 -(meth) acryloylthiophenyl- 2'-butyl- 3*- vinylthiophenylsuLfi.de, 

3 - ethyl - 2 - (meth) acryloylthiophenyl - 3' -hydroxy - 4' - vinylthiophenylsuLfide and 

2- hydi-oxy-3-(meth)acryloylthiophenyl-2'-chloro-4'-vinylthiophenylsulfide. 

Compounds having functional groups (acryl, methacryl, vinyl), 
substituents (halogen, lower alkyl, hydroxyl) and the organic groups Ms, M4 
at the 2nd-, 3rd-, 4th -position of the phenyl ring: 3-bromo-2- 
(meth)acryloyloxymethoxythiophenyl- 2' -butyl- 3'- vinylthiophenylsuLfide, 
2 -hydroxy - 2 - (meth) acryloyloxy ethoxy thiophenyl- 3' -hy dr oxy-4' - 
vinylthiophenylsulfide, 3-ethyl-3-(meth)acryloyloxypropoxythiophenyl-2'- 
chloro- 4'- vinylthiophenylsuLfide, 3-bromo-2-(meth)acryloyloxydimethoxy- 
thiophenyl-2'-butyl-3'-(meth)acryloyloxydiethoxythiophenylsuLfide, 

3- ethyl-2-(meth)acryloyloxydiethoxythiophenyl-3'-hydroxy-4'- 
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(ineth)acryloyloxydimethoxythiophenylsuL&de and 2-hydroxy-3- 

(ineth)acryloyloxydipropoxythiophenyl-2'-chloro-4'-(ineth)acryloyloxy- 

dimethoxythiophenylsulfide- 

Saturated cyclic hydrocarbon compounds^ 

1, 3-Di(nieth)acryloylthiocyclopentane, 1, 4"di(nieth)acryloylthio- 
cyclohexane, 1, 4-di(nieth)acryloylthiocycloheptane, 1, 6-di(nieth)acryloyr 
o thiocyclo octane, bis (3* (me th)acryloyltliiocy clop en tyl) sulfide, 

ifl bis(4-(meth)acryloylthiocyclohexyl)sulfide, bis(4-(meth)acryloylthio- 

;=2 cycloheptyOsulfide and bis(5- (me th)acryloylthiocyclooctyl) sulfide. 

!ij Unsaturated cyclic hydi'ocarbon compounds : 

Bis(4-(meth)acryloylthio-2-cyclohexen- l-yl)sulfide, 
;~ bis(4-(meth)acryloylthio-2-cyclopenten-l-yl)sulfide, 
;4 bis(5-(meth)acryloylthio-2 - cyclohepten - 1 -yDsulfide and 

bis (5 - (m e th) acryloylthio - 2 - cy clo octen -1-yl) sulfi de . 
Heterocyclic compounds- 

Bis (2 - (meth)acryloylthienyl)sulfide, bis (3 - (meth)acryloylthiopyiidyl) - 
sulfide, bis(5-(meth)acryloylthiopyran yDsulfide and bis (5- (me th) acryloyl- 
thio- 1, 4-dithianyl)sulfide. 

The above-mentioned compounds can be used solely or in 
combination. 

Among the above-mentioned compounds, 
bis(4-methacryloylthiophenyl)sulfide, bis(4-acryloylthiophenyl) sulfide, 
bis(4-vinylthiophenyl)sulfide and the hke are particularly preferable. 

Next, the halogen ated cyclic compound [III] is described. 

In the general formula [III] of the halogen ated cyclic compound, the 
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circle represents cyclic structure, Y2 is a ring member atom constituting the 
ring, and "k" is the number of the constituent atom Y2 of the ling, namely 
the member number of the ring, "k" is preferably 5 to 8, more preferably 5 
or 6, the most preferably 6. The plural atoms (Y2 )k can be all carbon atoms 
Gn this case, the ring is a carbon ring), or a portion of the plural atoms (Y2 )k 
can be heteroatom(s) such as sulfur atom(s), nitrogen atom(s) and/or oxygen 
atom(s) and the rest atoms can be carbon atoms (in this case, the ring is a 
heterocycle). The ring can be saturated or unsaturated, the ring preferably 

;~; has unsaturated bond(s), and the ring is particularly preferably a benzene 

i fi 

j=j X4 is a substituent of the ring, at least one of the plural (X4 )q is 

halogen and others are hydroxyl or lower alkyL The substituent X4 
P number "q" is 2 to 6, 

Q In the organic gi'oup R5, the radical polymerizable group can be a 

functional group such as vinyl, (meth)acryloyl or (meth)acryloyloxy. The 
organic group R5 having no radical polymeiizable group can be lower alkyl 
having one to five carbon atoms. 

In ■(0R)n3- of Ms, a carbon number of the lower alkylene R is 
preferably one to five, more preferably one to three. Examples of OR are 
oxymethylene, oxy ethylene, oxypropylene, oxybutylene and the Hke. 
Examples of (0R)a3 (n3 is an integer of 2 to 5) are dioxymethylene, 
dioxy ethylene, dioxypropylene, dioxybutylene, trioxym ethylene, 
tiioxy ethylene, trioxypropylene, tiioxybutylene, tetraoxymethylene, 
tetraoxy ethylene, tetraoxypropylene, tetraoxybutylene and the hke. When 
the lower alkylene R has hydi'oxyl, the hydroxyl can exist at any positions of 



26 



the alkylene, and an example of the alkylene having hydi'oxyl is 
(2 -hy droxy)propylene. 

The group (M5-R5) number "p" is one to four. 

The halogenated cyclic compounds [III], for example 
tiihalophenol-based compounds can be the following compounds. 

Compounds having one functional group (acryl, methacryl, vinyl) 
and two substituents (halogen, hydroxyl, lower alkyl)- 

2, 4-Dibromophenyl (meth)acrylate, 2, 6-dibromophenyl 
(meth)acrylate, 4, 6-dichloro-l-vinylbenzene, 2, 
4-dibromo-5-ethyl-3-(meth)acryloyloxybenzene, 2, 

6-dibromo-3-hydroxyphenyl acrylate, 4, 6-dibromo-2-propyl-l-vinylbenzene, 
2, 4-dichloro-3-methylphenyl (meth)acrylate, 2, 6-dibromo-5-hydroxyphenyl 
(meth)acrylate, 4, 6-dibromo-2-butyl-l-vinylbenzene, 2, 4-dibromophenoxy 
(meth)acrylate, 2, 6-dibromophenoxy (meth)acrylate, 2, 

4- dichloro-3-methylphenoxy (meth)acryiate, 2, 6-dibromo-5-hydi*oxyphenoxy 
(meth)acrylate, 2, 6-dichlorophenoxy (meth)acrylate, 2, 4-dibromo-5-ethyl-l, 
3-di(meth)acryloylbenzene and 2, 6-dichloro-3-hydi"Oxyphenoxy 

(meth) acrylate . 

Compounds having one functional group (acryl, methacryl, vinyl) 
and three substituents (halogen, hydi'oxyl, lower alkyl)' 

2,4, 6-Tribromophenyl (meth) acrylate, 2,4, 
6-trichloro-l-vinylbenzene, 2, 4, 6-tribromophenoxyethyl (meth) acrylate, 2, 3, 
6-tiibromophenyl (meth)acrylate, 2, 5, 6-tribromophenyl (meth) acrylate, 2, 4, 

5- tiichloro-l-vinylbenzene, 2, 4, 6-tiibromophenoxydiethylene glycol 
(meth) acrylate, 2, 4, 6-tribromophenoxytriethylene glycol (meth) acrylate, 2, 
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4, 6-tribromophenoxytetraethylene glycol (ineth)acrylate, 2, 4, 

6 -txichlorophenoxy methyl (meth) aery late, 2 -(2, 4, 6"tribromoplienoxy)ethyl 

(meth)acrylate, 2 -(2, 4, 6-tribroinophenoxy)propyl (metli)acrylate, 3 -(2, 4, 

6-tribromophenoxy)propyl (meth) aery late, 2 -(2, 4, 

6-tribromophenoxy)-3-hydi'Oxypropyl (meth)acrylate and 3 -(2, 4, 

6 - tiibromophenoxy) - 3 -hydroxypropyl (meth)acrylate. 

Compounds having two functional groups (aeryl, methacryl, vinyl) 
and two substituents (halogen, hydroxyl, lower alkyl)' 

2, 4-Dibromo-l, 3-di(meth)acryloyloxybenzene, 5-(meth)acryloyloxy-2, 

4- dibromo-3-(meth)acryloyloxybenzene, 5-(meth)acryloyloxy-2-bromo-4- 
chloro-3-(meth)acryloyloxyben2ene, l-(meth)aeryloyloxy-2, 5-dibromo-4- 
hydroxy-3-methyl-6-(meth)acryloyloxybenzene and l-(meth)acryloyloxy-2- 
bromo-3-chloro-4-hydi*oxy-3-methyl-6-(meth)aeryloyloxybenzene. 

Compounds having two functional groups (acryl, meth aeryl, vinyl) 
and three substituents (halogen, hydroxyl, lower alkyl) - 

2, 4-Dibromo- 6 -methyl- 1, 3, 5 -tri(meth)acryloyloxy benzene, 1, 

5- dibromo-3-hydroxy-2, 4, 6-tri(meth)acryloyloxybenzene and 1, 

5- dichloro-3-hydroxy-2, 4, 6"tri(meth)acryloyloxybenzene. 

Compounds having three functional groups (acryl, meth acryl, vinyl) 
and three substituents (halogen, hydroxyl, lower alkyl)- 

2, 4, G-Tiibromo-l, 3, 5-tii(meth)acryloyloxybenzene and 2, 4, 

6- trichloro-l, 3, 5 -tri (meth) acryloyloxy benzene. 

Compounds having functional groups (acryl, meth acryl, vinyl), 
substituents (halogen, hydroxyl, lower alkyl) and the organic group Ms- 
1, 4-Di(meth)acryloyloxytrimethoxy-2, 6-dibromobenzene, 
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l-(meth)acryloyloxyethoxy-2, 3, 6-tribromobenzene, 
l-(meth)acryloyloxydipropoxy-2, 4, 6-tiichlorobenzene, 2, 4-dibroino-l, 
3-di(meth)aciyloyloxymethoxybenzene and 2, 4-dibromo-6-methyl-l, 3, 
5-tri(meth)acryloyloxydiethoxybenzene. 

These exemplified compounds canbeused solely or in combination. 

Among the above-mentioned compounds, tribromophenol acrylate, 
tiibromophenol methacrylate, tiibromophenoxy ethyl acrylate, 
tribromophenoxy ethyl methacrylate and the Hke are particularly preferable. 

Next, the carbazole-based compound [IV] is described. 

In the organic groups Re, R? and Rs of the carbazole-based compound 
[IV], the radical polymerizable gi'oup can be a functional group such as vinyl, 
(meth)acryloyl or (meth)acryloyloxy. The organic groups Re, R? and Rs 
having no radical polymerizable group can be lower alkyl having one to five 
carbon atoms. 

In -(0R)n4" of Me, M? and Ms, a carbon number of the lower alkylene 
R is preferably one to five, more preferably one to three. Examples of OR 
are oxym ethylene, oxy ethylene, oxypropylene, oxybutylene and the hke. 
Examples of (OR)n4 (n4 is an integer of 2 to 5) are dioxymethylene, 
dioxyethylene, dioxypropylene, dioxybutylene, trioxymethylene, 
tiioxy ethylene, trioxypropylene, trioxybutylene, tetraoxym ethylene, 
tetraoxyethylene, tetraoxypropylene, tetraoxybutylene and the like. When 
the lower alkylene R has hydroxyl, the hydro xyl can exist at any positions of 
the alkylene, and an example of the alkylene having hydi'oxyl is 
(2-hydi'oxy)propylene. 

X5 and Xg, being the same or different, are the substituents of the 
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ling and are halogen, hydi'oxyl or lower alkyL 

The carbazole-based compounds [IV] can be the following 
compounds. 

Compounds having one functional group (acryl, methacryl, vinyl) ' 

1- Vinylcarbazole, 2-vinylcarbazole, 3-vinylcarbazole, 
4-vinylcarbazole, 9-vinylcai'bazole, l-(meth)acryloyloxycarbazole, 
2 - (meth) acryloyloxy carb azole , 3 - (meth) acryloyloxycarb azole , 
4-(meth)acryloyloxycarbazole and 9- (meth) acryloyloxycai'b azole. 

Compounds having two or three functional groups (acryl, methacryl, 

vinyl) 

1, 9-Divinylcarbazole, 1,5, 9-tiivinylcarbazole, 2, 
7- di(meth) acryloyloxycarb azole, 2,8, 9 -tri(meth) acryloyloxycarb azole, 1, 
9 -di (meth) acryloyloxycarb azole, 3, 6, 9 -tri(meth) acryloyloxycarb azole, 
2 -(meth) acryloyloxy- 1-vinylcarbazole, 6-(meth)acryloyloxy-2-vinylcarbazole, 
2 ■ (meth) acryloyloxy -9 - (meth) acryloyloxycarb azole and 

1 - (meth) acryloyloxy - 5 - (meth) acryloyloxycarb azole . 

Compounds having functional groups (acryl, methacryl, vinyl) and 
substituents (halogen, lower alkyl, hydroxyl)" 

2- Methyl-l, 9-divinylcarbazole, 3-hydroxy-l, 5, 9-tiivinylcarbazole, 
l-chloro-2, 7 -di(meth) acryloyloxycarb azole, 3, 7-dibromo-2, 8, 

9 -tri (meth) acryloyloxycarb azole, 1, 9 -di (meth) acryloyloxy- 4 -butylcarb azole, 
3, 6, 9 -tri (meth) acryloyloxy -1-hydroxycarb azole, 

2 "(meth) acryloyloxy- 5 -propyl-l-vinylcarb azole, 
6 - (meth) acryloyloxy - 9 - ethyl - 2 - vinylcarb azole , 

2 - (meth) acryloyloxy -9 - (meth) acryloyloxycarb azole and 
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1 ■ (meth) aciyloyloxy - 9 -hydroxy 5 - (meth) acryloyloxycarb azole . 

Compounds having functional groups (acryl, methacryl, vinyl), 
substituents (halogen, lower alkyl, hydroxyl) and the organic groups Me, M?" 

2-Methyl-l, 9-divinylniethoxycarbazole, 3-hydroxy-l, 5, 
9 - trivinylethoxycarb azole , 1 -chloro -2,7- di(meth) acryloyloxy ethoxycarb azole, 
3, 7-dibromo-2, 8, 9 -tri(nieth) acryloyloxy die thoxycarb azole, 1, 
9-di(meth)acryloyloxytrimethoxy-4-butylcarbazole, 3, 6, 
9 -tri (meth) acryloyloxy tetrame th oxy - 1 -hydroxycarb azole, 

2 - (meth) acryloyloxymethoxy- 5 -propyl- 1-vinylcarb azole, 
6 - (meth) acryloyloxy dimethoxy- 9 -ethyl- 2 -vinylcarb azole, 

2 - (meth) acryloyloxytrip ropoxy - 9 - (meth) acryloyloxymethoxycarb azole and 
l-(meth)acryloyloxyethoxy-9-hydroxy-5-(meth)acryloyloxyethoxycarbazole. 

These exemplified compounds can be used solely or in combination. 

Among the above-mentioned compounds, N -vinylcarb azole, 3, 
6-dibromo-9-vinylcarbazole and 9 -vinylcarb azole are particularly preferable. 

It is also possible to combine the respective exemplified compounds 
of the flu orene "based compound [I], the suLG de-based cychc compound [II], 
the halogenated cychc compound [III] and the carbazole-based compound 
[IV]. 

Among the fluorene-based compound [I], the sulfide -based cycHc 
compound [II], the halogenated cychc compound [III] and the 
carbazole-based compound [IV], the fluorene-based compound [I], the 
sulfide-based cyclic compound [II] and the halogenated cychc compound [III] 
are preferable, and the fluorene-based compound [I] and the halogenated 
cychc compound [III] are the most preferable. 
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In the holo^'am recording material composition of the invention, the 
allyl-based prepolymer (A) (contairdng (D), if necessary) and the 
(meth)acrylate -based compound (B) are selected in such a manner that the 
difference between the refractive index of the former and the refractive 
index of the polymer of the latter is 0.005 or more, and preferably 0.01 or 
more. When the difference is less than 0.005, the formation of a hologram 
is substantially impossible. The difference is 1.0 at the most. 

In the hologram recording material composition according to the 
present invention, a weight ratio of the allyl-based prepolymer (A) to the 
(meth)acrylate -based compound (B), (A) : (B) is from 5 : 95 to 95 ' 5, 
preferably from 10 : 90 to 90 : 10, further preferably from 20 : 80 to 80 : 20, 
the most preferably from 30 : 70 to 70 * 30. 

The hologram recording material composition according to the 
present invention can further comprise a viscosity reducing agent (E) other 
than the allyl-based prepolymer (A), the (meth)acrylate-based compound (B) 
and the photo -polymerization initiator (C). A weight ratio of the allyl-based 
prepolymer (A), the (meth)acrylate -based compound (B) and the viscosity 
reducing agent (E), (A) ■ (B) : (E) is 20 to 80 : 3 to 60 : 3 to 60, preferably 30 
to 75 - 5 to 50 - 5 to 50. The viscosity reducing agent (E) is selected in such 
a manner that a difference between the refractive index of the polymer of 
the (meth)acrylate -based compound (B) and the weighted mean of those of 
the allyl-based prepolymer (A), the thermoplastic resin (D) and the viscosity 
reducing agent (E) is 0.01 or more. 

When at least one radical polymeiizable compound (bl) selected 
from the group consisting of the fLuorene-based compound [I], the 
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sulJ&de-based cyclic compound [II], the halogenated cyclic compound [III] 
and the carbazole -based compound [IV] is used as the (meth)acrylate -based 
compound (B), it is desirable to use the viscosity reducing agent (E) 
simultaneously. Since the radical polymerizable compound (bl) is usually 
solid at ordinary temperature, it is difficult to obtain good diffraction 
efficiency unless the viscosity reducing agent (E) is used simultaneously. 
In particular, in recording of a reflection type hologram, the diEfr action 
efficiency might be lowered, or it might be impossible to record the 
hologram. 

Among the viscosity reducing agents, examples of compounds (el) 
which are nonreactLve on the (meth)acrylate -based compound (B) are inert 
compounds such as phthalates such as dimethyl phthalate and diethyl 
phthalate; aliphatic dibasic acid esters such as dimethyl adipate, dibutyl 
adipate, dimethyl sebacate and diethyl succinate; orthophosphates such as 
trimethyl phosphate, tiiethyl phosphate, triphenyl phosphate and tricresyl 
phosphate; acetates such as glyceryl triacetate and 2-ethylhexyl acetate; 
and phosphites such as triphenyl phosphite and dibutylhydrodiene 
phosphite. A further example thereof is alkylene glycol alkyl ether 
represented by the following general formula, 

R 1 1 -f- C H 2 C H 2 O R 1 2 [V] 

wherein Ru and R12 are alkyl haviag one to five carbon atoms, hydroxyl or 
acetyl, and "n" is an integer of 1 to 5. 

Examples of the alkylene glycol alkyl ether are ethylene glycol 
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dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dipropyl ether, 
ethylene glycol monom ethyl ether, ethylene glycol monoethyl ether, ethylene 
glycol monopropyl ether, diethylene glycol dimethyl ether, diethylene glycol 
diethyl ether, diethylene glycol dipropyl ether, diethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, diethylene glycol monopropyl ether, 
tiiethylene glycol dimethyl ether, triethylene glycol diethyl ether, 
triethylene glycol dipropyl ether, tiiethylene glycol monomethyl ether, 
triethylene glycol monoethyl ether, triethylene glycol monopropyl ether, 
cellosolve acetate ethylene glycol diacetyl ether, ethylene glycol monoacetyl 
ether, diethylene glycol diacetyl ether, diethylene glycol monoacetyl ether, 
triethylene glycol diacetyl ether and triethylene glycol monoacetyl ether. 

It is also possible to use polyethylene glycol having a weight- average 
molecular weight of 10,000 or lower or sihcone oil. 

The nonreactive compound (el) preferably has a refractive index 
much smaller than that of the allyl-based prepolymer (A). 

Among the viscosity reducing agents (E), examples of compounds 
(e2) having methallyl and/or allyl in a molecule thereof are mono(meth)allyl 
compounds such as (meth) allyl alcohol, (meth) allyl chloride, (meth)allyl 
acetate, (meth) allyl benzoate, (meth) allyl isovalerate, (meth) allyl caprylate, 
(meth)allyl caproate, (meth)allyl formate, (meth)allyl cinnamate, (meth)allyl 
salicylate, (meth) allyl dihydrojasmonate, (meth) allyl phenylacetate, 
(meth)allyl propionate, (meth)allyl butjorate, mono(meth) allyl adipate, 
mono (meth) allyl sebacate, mono(meth) allyl phthalate, mono (meth) allyl 
isophthalate, mono(meth) allyl terephthalate, mono(meth) allyl succinate, 
mono (meth) allyl tiimelhtate, mono (meth) allyl succinate, mono(meth) allyl 
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ricinoleate and mono(ineth)allyl maleate; di(meth)allyl compounds such as 
di(meth)a31yl adipate, di(meth)allyl sebacate, di(meth)allyl phthalate, 
di(meth)aILyl isophthalate, di(meth)allyl terephthalate, di(meth)aILyl 
succinate, di(meth)allyl trim ellit ate, di(meth)allyi succinate, di(meth)aILyl 
ricinoleate and di(meth)allyl maleate, tri(meth)allyl phosphate, 
tii(meth)allyl isocyanurate and the like. It is also preferable to select a 

Q viscosity reducing agent (e2) having a refractive index much smaller than 

i£i that of the allyl -based prepoiymer (A). 

Ln The above-mentioned compounds can be used solely or in 

Iji combination. 

As the photo -polymerization initiator (C) used in the composition of 

13 the invention, there can be used those forming a radical by absorbing Hght 

iU being excellent in coherence. There can suitably be used those forming a 

radical by absorbing laser Kght, such as Kr laser (wavelength: 647 nm), 
He-Ne laser (wavelength'- 633 nm), YAG laser (wavelength ^ 532 nm), Ar 
laser (wavelength: 515 and 488 nm) and He-Cd laser (wavelength: 442 nm) 
as light sources. As the photo-polymerization initiator, for example, there 
can preferably be used a carbon yl compound, an amine compound, an 
arylamino acetic acid compound, an organ o tin compound, an alkylarylborate, 
an onium salt, an iron arene complex, a trihalogenomethyl- substituted 
triazine compound, an organic peroxide, a bisimidazole derivative, a 
titanocene compound and combinations of these initiators and a 
photosensitizing dye. 

Examples of the carbonyl compound include benzil, benzoin ethyl 
ether, benzophenone and diethoxyacetophenone. 
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Examples of the amine compound are triethanolamine, 
triisopropanolamine, 2-dimethylaminobenzoic acid and the Hke. 

An example of the arylamino acetic acid compound is 
N-phenylglycine. 

An example of the organ o tin compound is tiibutylbenzyltin. 

Examples of the alkylarylborate are tetrabutylammonium 
triphenylbuty lb orate and trLphenyl-n-butylb orate. 

An example of the onium salt is a diphenyhodonium salt. 

An example of the iron arene complex is 7} ^-cyclopentadienyr 7j 
^-cumenyl-iron (iH-)-hexafluorophosphate (l*). 

An example of the trihalo genome thyl- substituted triazine compound 
is tris(tiichlorom ethyl) triazine. 

An example of the organic peroxide is 3, 3', 4, 
4'-tetra(tert-butylperoxycarbonyl)benzophenone. 

Examples of the bisimidazole derivative are 2, 
2'-bis(o-chlorophenyD-4, 4\ 5, 5*-tetraphenyl-l, I'-biimidazole and bis(2, 4, 
5-triphenyl)imidazolyl. 

An example of the titanocene compound is bis( 7} ^-2, 
4-cyclopentadien- l-yl)-bis(2, 6-difluoro-3-(lH-pyrrol- l-yl)phenyl)titanium. 

These can be used solely or in combination. 

As the photosensitizing dye, Michler's ketone, Acridine Yellow, 
merocyanine, methylene blue, camphorqiiinone, Eosin and decarboxylated 
rose bengal are preferably used. Any photosensitizing dye can be used as 
far as it exhibits absolution in the visible region, and in addition to the 
above, a cyanine derivative, a merocyanine derivative, a phthalocyanine 
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derivative, a xanthene derivative, a thioxanthene derivative, an acridine 
derivative, a porphyrin derivative, a coumarin derivative, a basestyryl 
derivative, a ketocoumarin derivative, a quinolone derivative, a stilbene 
deiivative, an oxazine derivative and a thiazine dye can be, used. 
Furthermore, photo -sensitizing dyes described in Dye Handbook , edited by 
S. Ohgawara, et al. (Kodansha, 1986), Chemistry of Functional Dyes , edited 
by S. Ohgawara, et al. (CMC, 1983), and Special Functional Materials , 
edited by C. Ikemoii, et al. (CMC, 1986) can be used. These can be used 
singly or in combination of two or more. 

Examples of the coumarin derivative are 
3 - (2 -benzothiazolyl) - 7 - (diethyl amino)coumaiin, 
3 - (2 -benzothiazolyl) ■ 7-(dibutylamino) coumarin, 
3 -(2 -benzothiazolyl) - 7 - (dioctylamino)coumarin, 
3-(2-benzimidazolyl)-7-(diethylamino)coumarin and the hke. 

Examples of the ketocoumarin derivative are 3, 
3'-carbonylbis(7-diethylaminocoumaiin), 3, 

3'-carbonylbis-7-diethylaminocoumarin-7'-bis(butoxyethyl)aminocoumaiin, 3, 
3'-carbonylbis(7-dibutylaminocoumaiin) and the Hke. 

Examples of the basestyryl deiivative are 
2-[p-(dimethylamino)styryl]benzothiazole, 
2 - [p - (dimethylamino)styryl]naphtho[ 1 , 2 -dlthiazole, 

2- [(m-hydroxy-p-methoxy)styryl]benzothiazole and the like. 

Examples of the merocyanine deiivative are 3-ethyl-5-[(3-ethyl- 
2 (3H) -benzothiazolylidene)ethylidene] - 2 - thioxo-4-oxazolidinone, 5 ■[( 1 , 

3- dihydi*o-l, 3, 3-trimethyl-2H-indol-2-ylidene)ethylidene]-3-ethyl-2- 
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tliioxo-4-oxazolidinone and the like. 

Specific examples of a combination of the organic peroxide and the 
photosensitizing dye include combinations of 3/ 3', 4, 
4'-tetra(tert-butylperoxycarbonyl)benzophenone and NKX653, NKX3883, 
NKX1880, NKX1595, NKX1695, NK4256, NK1886, NK1473, NK1474, 
NK4795, NK4276, NK4278, NK91, NK1046, NK1237, NK1420, NK1538, 
NK3590 and the like, which are photosensitizing dyes produced by Nippon 
Photosensitizing Dye Laboratory Co., Ltd. 

Specific examples of a combination of the carbonyl compound and 
the photosensitizing dye include benzil- Michler's ketone, and 
benzil-Acridine Yellow. As the photosensitizing dye used in combination 
with the amine compound, decarboxylated rose bengal is preferred. As the 
photosensitizing dye used in combination with the borate compound, a 
cyanine -based dye, such as a cyanine, an isocyanine and a pseudocyanine. 

The amount of the photo -polymerization initiator (C) added to the 
composition of the invention is generally about from 0.1 to 15% by weight, 
and preferably about from 0.3 to 10% by weight, based on 100 parts by 
weight of the total amount of the allyl-based prepolymer (A), the 
(meth)acrylate -based compound (B) and the viscosity reducing agent (E) in 
the case where the carbonyl compound is used. 

The hologram recording material composition of the invention can 
contain additives, such as a viscosity adjusting agent, a compatibility 
adjusting agent, a heat polymerization inhibitor and a chain transfer agent, 
and a solvent, if necessary 

Inorganic fixie particles and organic fine particles can be used as the 
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viscosity adjusting agent. Examples of inorganic fine particles include 
silica gel fine particles "Daiso gel SP series" produced by Daiso Co., Ltd., 
"Silicia" and "Fuji siJica gel" produced by Fuji Silicia Chemical Co., Ltd., 
"Carplex" produced by Shionogi & Co., Ltd., "Aerosil" produced by Nippon 
Aerosil Co., Ltd., "Reorosil", "Tokusil" and "Finesil" produced by Tokuyama 
Co., Ltd. and the hke. Examples of organic fine particles include a diallyl 
phthalate-based polymer which can be obtained by methods described in 
JP-A 10-72510 and JP-A 10-310684; and TB 200 series" produced by Kao 
Coi-poration, "Bell Pearl series" produced by Kanebo Ltd., "Techpolymer 
series" produced by Sekisui Plastics Co., Ltd., "Micropearl series" produced 
by Sekisui Fine Chemical Co., Ltd., and ^MR seiies" and "MP seiies" both 
produced by Soken Chemical & Engineering Co., Ltd., which are described 
in "Most advanced technology of microfine particles", edited by S. Muroi 
(CMC, 1991). 

The amount of the viscosity adjusting agent added is preferably 
about from 0.5 to 30 parts by weight per 100 parts by weight of the total 
amount of the allyl -based prepolymer (A), the (meth)acrylate -based 
compound (B) and the viscosity reducing agent (E). 

The solvent to be used is a non-aqueous organic solvent. The 
solvent is effective to improve the film forming property, as well as the 
viscosity adjustment and the compatibility adjustment. For example, it is 
possible to use n on -aqueous organic solvents such as acetone, xylene, 
toluene, methyl ethyl ketone, tetrahydi'ofuran, benzene, methylene chloride, 
dichloromethane, chloroform, methanol and acetonitrile. The amount of 
the solvent used is about from 0.5 to 1,000 pai-ts by weight per 100 pai*ts by 
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weight of the total amount of the allyl- based prepolymer (A), the 
(meth)acrylate -based compound (B) and the viscosity reducing agent (E). 

Examples of the heat polymerization inhibitor include hydroquinone, 
p-methoxyphenol, tert-butylcatechol, naphthylamine, 

diphenylpicrylhydrazine, diphenylamine and the like, which work to 
consuming the forming radicals. 

Examples of the chain transfer agent include an a-methylstyrene 
dimer, 2-mercaptobenzoxa2ole, 2-mercaptobenzothia2ole, tert-butyl alcohol, 
n-butanol, isobutanol, isopropylbenzene, ethylbenzene, chloroform, methyl 
ethyl ketone, propylene, vinyl chloride and the Hke. 

In order to prepare the hologram recording material composition, for 
example, the allyl-based prepolymer (A), the (meth)acrylate -based 
compound (B), the photo -polymerization initiator (C) and the viscosity 
reducing agent (E), as well as the optional components described above such 
as the solvent- soluble thermoplastic resin (D), the additives and the solvent 
are placed in a vessel resistant to an organic solvent, such as a glass beaker, 
and the whole content is stirred. In this case, in order to accelerate 
dissolution of solid components, the composition can be heated to a range in 
which denaturatLon of the composition does not occur, such as to a 
temperature of about from 40 to 90° C. 

In order to produce a hologram recording medium by using the 
hologi-am recording material composition of the invention, the recording 
material composition is coated on one surface of a substrate to obtain a 
recording medium having a two -layer structure consisting of the coated film 
thus formed, i.e., a recording layer, and the substrate. A three -layer 



40 



structure is obtained, if necessary, by placing a protective material in the 
form of a film, a sheet or a plate to cover the recording layer formed on the 
substrate. In the process for preparing the composition, a solvent is 
preferably used. In this case, the allyl -based prepolymer (A), the 
(meth)acrylate -based compound (B), the photo-polymerization initiator (C) 
and the viscosity reducing agent (E) are dissolved or suspended in a solvent, 
and a solution or a suspension thus obtained is coated on a substrate. 
Thereafter, the solvent is vaporized to obtain a recording layer. In the case 
where a protective material is placed to cover the recording layer, it is 
preferred that the solvent is removed by air drying or vaporization under 
reduced pressure before placing the protective material. The substrate is 
made of an optically transparent material, such as a glass plate and a 
plastic plate, such as a polyethylene terephthalate (hereinafter abbreviated 
as PET) plate, a polycarbonate plate and a poly methyl methacrylate plate. 
The thickness of the substrate is preferably from 0.5 to 10 mm. The 
protective material is also made of an optically transparent material as 
similar to the substrate. The substrate does not necessarily have to be 
flat, but can be bent or curved and can have an uneven structure on the 
surface thereof. The thickness of the protective material is preferably from 
0.01 to 10 mm. Examples of the coating method include a gravure coating 
method, a roll coating method and a bar coating method. The coating is 
preferably conducted in such a manner that the thickness of the recording 
layer after removing the solvent is from 1 to 100 [xm. 

In order to record a hologram onto the hologram recording medium, 
a recording method generally employed can be used. That is, a light source 
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being excellent in coherence such as laser light is spht into two with a beam 
splitter or the like, one spHt hght is irradiated onto an object to be recorded, 
and the other is reflected with a reflector as it is. A recording medium is 
arranged at a speciJELed position. At the position an interference fringe can 
be caught which is formed with reference hght reflected from the reflector 
and object light reflected from the object. When the object Hght and the 
reference light enter the recording medium from the same face, a 
transmission type hologram is formed. When the object light and the 
reference light enter from a front face and a rear face respectively, a 
reflection typQ hologram is formed. It is unnecessary to use the object to be 
recorded in the above-mentioned recording method, and in this case, a fringe 
is formed as grating. Irradiating laser hght for about from several seconds 
to several minutes under such an arrangement, an interference fringe to be 
a hologram is recorded on the recording medium. The hght amount of the 
laser light used is, in terms of a product of the light intensity and the 
irradiation time, preferably about from 10 to 10,000 mJ/cm^. When the 
Kght amount is less than the range, recording is difficult to be conduct, 
whereas when it exceeds the range, the diffraction efficiency of the hologram 
tends to be lowered, and therefore the both cases are not preferred. 

After forming the hologram, a post-processing, such as development 
and fixing, is not always necessary, but in order to stabihze the resulting 
image, the medium can be subjected to a irradiation treatment with light on 
the whole surface thereof or a heat treatment to post-polymerize the 
remaining unre acted monomer. 

A hologram can be copied on a recording medium obtained by using 
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the recording medium composition of tlie invention. For example, a 
recorded hologram plate, as an original image, is superposed closely on the 
surface of the protective material of the recording material having the 
three-layer structure described above, and the hologram plate having the 
oiiginal image is irradiated with light using a high pressure mercury lamp. 
Interference occurs at the recording layer of the non -recorded recording 
medium between reference light suffering no diffraction and diffracted light 
of the original image G.e., object light), and the hologram is copied onto the 
recording medium to obtain a hologr'am of high fidehty to the original image. 
When a hologi-am of good quahty can be obtained by the copying process 
described above, such becomes evidence that a hologram can be produced by 
interference of laser light. 

After producing a hologram in the recording medium obtained by 
using the recording material composition of the invention, the prepolymer 
(A) remains in the recording medium. Therefore, it is considered that the 
remaining allyl -based prepolymer is functionally utihzed. For example, 
when the substrate is formed with an unsaturated polyester resin, and the 
remaining allyl group of the prepolymer (A) is chemically bonded to an 
unsaturated group of the resin of the substrate, the recording material 
composition of the invention can be firmly fixed on the substrate. By 
utilizing the function of the remaining allyl group of the allyl -based 
prepolymer (A), various properties can be given to the material 
characteristics of the hologram to obtain a hologram that has physical 
properties applicable to various kinds of usage. 

In the recording material composition of the invention, the 
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allyl based prepolymer (A) and the (ineth)acrylate -based compoimd (B) are 
completely dissolved each other before exposure to light, and on irradiation 
with laser Hght, the (meth)acrylate -based compound (B) is polymerized 
through photo -polymerization, and finally becomes a hologram recording 
layer. 

Accordingly, when the two-layer structure, which comprises a 
substrate having the recording material composition coated thereon, or the 
three -layer structure, which comprises the two -layer structure having a 
protective layer formed on the recording layer, is exposed to an interference 
pattern, photo -polymerization of the (meth)acrylate-based compound (B) 
having a high photo -polymerization reactivity begins to occur at a portion of 
a large light amount, and volume shrinkage occurs at that portion. An 
unre acted compound flows from a portion of a small light amount into a 
concave portion formed by the volume shrinkage, and the allyl-based 
prepolymer (A) diffuses into the portion of a small light amount by phase 
separation between the allyl-based prepolymer (A) and the 
(meth)acrylate-based compound (B). 

The (meth)acrylate "based compound (B) is diffused to migrate into 
the portion of a large light amount to further proceed the 
photo-polymerization. In the portion of a small light amount, on the other 
hand, the photo -polymerization of the allyl-based prepolymer (A) proceeds 
solely or with a polymer of the (meth)acrylate -based compound (B) with a 
small delay from the portion of a large light amount. As a result, a 
structure wherein the polymer of the (meth)acrylate-based compound (B) is 
accumulated in the portion of a large light amount, the allyl-based 
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prepolymer (A) is accumulated in the portion of a small light amount, and 
they are linked each other by radical copolymerization is formed. 

When the viscosity reducing agent (E) exists in the system, this 
agent is a component to adjust viscosity and compatibility of the system and 
functions as a component to promote the separation between the allyl based 
prepolymer (A) and the (meth)acrylate -based compound (B). This agent 
exists uniformly in the system in the early stage of the exposure to light but 
is finally excluded into the portion of a small light amount, namely to the 
allyl -based prepolymer (A) side. Accordingly, a compositional distribution 
corresponding to an interference pattern, which is a Hght amount 
distribution of the interference fringe, i.e., a portion having large amounts of 
the allyl -based prepolymer (A) and the viscosity reducing agent (E) and a 
portion having a large amount of the (meth)acrylate -based compound (B) 
are formed as a distribution of refractive indexes, i.e., a hologram. 

Similarly, when the thermoplastic resin (D) exists in the system, this 
resin is a component to adjust the viscosity and the compatibility of the 
system and is finally excluded to the allyl-based prepolymer (A) side. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic drawing showing an example of a transmission 
type hologram. 

Fig. 2 is a schematic drawing showing an example of a reflection 
type hologram. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention will be specifically described with reference to several 
examples, but the invention is not construed as being limited thereto. 

EXAMPLE 1 

(1) 8 g of diaUylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co., Ltd.), 2 g of ethylene glycol dimethacrylate ("NK 
Ester IG" produced by Shin-Nakamura Chemical Co., Ltd.), 0.3 g of benzil 
as a polymeiization initiator, 0.1 g of Michler's ketone as a photo-sensitizing 
dye, and 22g of acetone were mixed at an ordinary temperature to prepare a 
recording material composition comprising these components. 

(2) The composition was coated on one surface of a glass plate 
substrate haying a dimension of 76 x 26 x 1.2 mm to a thickness of 10 \xm. 
Acetone was removed from the coated layer under reduced pressure, to 
produce a recording material having a two -layer structure comprising the 
substrate and the recording layer. 

In the recording layer of the recording material, no phase separation 
or deposition of a polymer and a monomer was observed. Since the 
recording layer was substantially in a solid state, when touched with hand, 
it was not attached to hand, and did not diip. Therefore, the recording 
layer was excellent in handling, suffered no shift from the substrate, and 
was easy to transport. Further, the thickness of the recording layer was 
kept constant. 

(3) A protective material comprising a PET film having a size of 
76 X 26 mm and a thickness of 10 pim was placed to cover the recording layer, 
to produce a three -layer photosensitive plate for recording a hologram. 
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(4) Another hologram plate (diffraction efficiency^ ca. 60%, 
resolution: ca. 2,000 lines per mm), in which 70 hnes per mm had been 
recorded, as an original image was superposed closely on the surface of the 
protective mateilal of the non -recorded photosensitive plate, and the 
hologi-am plate as the original image was iixadiated with hght emitted from 
a high pressure mercury lamp of 100 W (having peak wavelengths at 365, 
410 and 430 nm) from the upper side thereof with a distance of about 10 cm 
for 1 to 3 minutes, so as to copy the hologram to the non -recorded 
photosensitive plate. When the illuminance was measured with an 
illuminance meter capable of measuring a wavelength of fi'om 330 to 490 nm, 
the energy was 3.0 mW/cm^ or less at a distance of 10 cm from the Hght 
source. Therefore, even when the recording was continued for 10 minutes, 
the energy became only about 1,800 mJ/cm^. 

A copy thus obtained suffered no coloring, and had a high brightness 
of a diffraction ef&ciency of about 30% without conducting development and 
fixing. 

The copied hologram maintained a stable image for a long period of 3 
months or more, after peeling the protective material. The record was 
formed only with the refractive index modulation, but not unevenness on 
the recording layer, and a transparent hologram having substantially no 
absorption in the visible region was obtained. 

Since a hologram of good quahty was obtained through the copying 
process described above, it was evidenced that a hologram could be produced 
by laser interference. 
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EXAMPLES 2 TO 8 
(l) The same procedures as in item (l) of Example 1 were 
repeated to produce recording material compositions, except that the ratio of 
the diallylorthophthalate prepolymer and ethylene glycol dimethacrylate 
was changed as follows* 



prepolymer/monomer = 9/1 (g/g) (Example 2) 
prepolymer/monomer = 7/3 (g/g) (Example 3) 
prepolymer/monomer = 6/4 (g/g) (Example 4) 
prepolymer/monomer = 5/5 (g/g) (Example 5) 
prepolymer/monomer = 4/6 (g/g) (Example 6) 
prepolymer/monomer = 3/7 (g/g) (Example 7) 
prepolymer/monomer = 2/8 (g/g) (Example 8) 

(2) to (4) Photosensitive plates for recording a hologram were 

produced and holograms were copied by conducting the same manner as in 
items (2) to (4) of Example 1. 

Copies thus obtained suffered no coloring, and had a high brightness 
of a diffraction ef&ciency of about 30% without conducting development and 
fixing. 

The copied holograms maintained a stable image for a long period of 
3 months or more, after peehng the protective material. The records were 
formed only with the refractive index modulation, but not unevenness on 
the recording layer, and transparent holograms having substantially no 
absorption in the visible region were obtained. 
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EXAMPLE 9 

(1) 3.5 g of diallylorthophthalate prepolymer ("Daiso DAP Type 
K" produced by Daiso Co., Ltd.), 1.5 g of ethylene glycol dimethacrylate ("NK 
Ester IG" produced by Shin-Nakamura Chemical Co., Ltd.), 0.15 g of benzil, 
0.05 g of Michler's ketone, and llg of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components. 

(2) to (4) A photosensitive plate for recording a hologi*am was 
produced and a hologram was copied by conducting the same manner as in 
items (2) to (4) of Example 1 . 

A copy thus obtained suffered no coloring, and had a high brightness 
of a diffraction efficiency of about 30% without conducting development and 
fixing. 

The copied hologi-am maintained a stable image for a long peiiod of 3 
months or more, after peeling the protective material. The record was 
formed only with the refractive index modulation, but not unevenness on 
the recording layer, and a transparent hologram having substantially no 
absorption in the visible region was obtained. 

EXAMPLE 10 

(1) The same procedures as in item (l) of Example 9 were 
repeated to produce a recording material composition, except that the 
diallylorthophthalate prepolymer was changed to diallyUsophthalate 
prepolymer ("Daiso ISO-DAP" produced by Daiso Co., Ltd.). 

(2) to (4) A photosensitive plate for recording a hologram was 
produced and a hologi*am was copied by conducting the same manner as in 
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items (2) to (4) of Example 1. 

A copy thus obtained suffered no coloring, and had a high brightness 
of a diffraction ef&ciency of about 30% without conducting development and 
fixing. 

The copied hologram maintained a stable image for a long period of 3 
months or more, after peeling the protective material. The record was 
formed only with the refractive index modulation, but not unevenness on 
the recording layer, and a transparent hologram having substantially no 
absorption in the visible region was obtained. 

EXAMPLES 11 TO 23 

(l) The same procedures as in item (l) of Example 9 were 
repeated to produce recording material compositions, except that the 
diallylorthophthalate prepolymer ("Daiso DAP Type K" produced by Daiso 
Co., Ltd.) was changed to diallylorthophthalate prepolymer ("Daiso DAP 
Type A" produced by Daiso Co., Ltd.), and the ethylene glycol 
dimethacrylate was changed to the following. 

Triethylene glycol dimethacrylate ("NK Ester 3G" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example ll) 

1,3-Butanediol dimethacrylate ("NK Ester BG" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 12) 

1,6-Hexanediol dimethacrylate ("NK Ester HD" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 13) 

Neopentyl glycol dimethacrylate ("NK Ester NPG" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 14) 
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Tetraethylene glycol diacrylate ("NK Ester A-200" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 15) 

Nonaethylene glycol diacrylate ("NK Ester A-400" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 16) 

1,6-Hexanediol diacrylate ("NK Ester A- HD" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 17) 

Neopentyl glycol diacrylate ("NK Ester A-NPG" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 18) 

Trimethylolpropane trimethacrylate ("NK Ester TMPT" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 19) 

Trimethylolpropane tiiacrylate ("NK Ester A-TMPT' produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 20) 

Tetramethylolmethane tetraacrylate ("NK Ester A-TMMT" produced 
by Shin-Nakamura Chemical Co., Ltd.) (Example 21) 

Dipentaerythritol hexaacryiate ("NK Ester ADP-6" produced by 
Shin-Nakamura Chemical Co., Ltd.) (Example 22) 

9,9-Bis(4-(2-acryloyloxyethoxy)phenyl) fluorene ("BPEFA" produced 
by Osaka Gas Co., Ltd.) (Example 23) 

(2) to (4) Photosensitive plates for recording a hologram were 

produced and holograms were copied by conducting the same manner as in 
items (2) to (4) of Example 1. 

Copies thus obtained suffered no coloiing, and had a high brightness 
of a diffraction efficiency of about 30% without conducting development and 
fixing. 
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The copied holograms maintained a stable image for a long period of 
3 months or more, after peeling the protective material. The records were 
formed only with the refractive index modulation, but not unevenness on 
the recording layer, and transparent holograms having substantially no 
absorption in the visible region were obtained. 

EXAMPLE 24 

(1) 6 g of diallylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co., Ltd.), 4 g of ethylene glycol dimethacrylate ("NK 
Ester IG" produced by Shin-Nakamura Chemical Co., Ltd.), 0.5 g of benzil, 
0.17 g of Michler*s ketone, and 22 g of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components. 

(2) The composition was coated on one sui-face of a glass plate 
substrate having a dimension of 50 x 60 x 1.5 mm to a thickness of 10 |j.m. 
Acetone was removed from the coated layer under reduced pressure, to 
produce a recording material having a two -layer structure comprising the 
substrate and the recording layer. 

(3) A protective material compxising a glass plate having the 
same size as the substrate was placed to cover the recording layer, to 
produce a three-layer photosensitive plate of a sandwich form for recording 
a hologram. 

(4) An object to be recorded was irradiated with He-Cd laser 
light, and interference was formed between reference hght reflected from a 
reflector and object light reflected from the object. The three-layer 
photosensitive plate for recording a hologram was placed at a position, at 
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which a Mnge pattern formed by the interference could be caught. The 
photosensitive plate was exposed to the He-Cd laser hght (9 mW/cm^) for a 
prescribed period of time under the conditions, and an interference fringe to 
be a hologram could be recorded on the photosensitive plate only by this 
operation with an exposure time of either 15 seconds, 30 seconds, 45 seconds, 
1 minute, 2 minutes, 5 minutes or 10 minutes. 

No operation of development or fixing was necessary. Because the 
recording layer was sandwiched by the two glass plates, the thickness of the 
recording layer was xmiform after exposure. There was no unevenness 
between a portion that had been irradiated with light of a high intensity 
and a portion that had been irradiated with light of a low intensity, and the 
record was formed with a refractive index modulation. A transparent 
hologram having a high brightness (resolution : 940 lines per mm) and 
substantially no absorption in the visible region was thus obtained. A 
stable image was maintained after removing the protective material. 

EXAMPLE 25 

(1) 5 g of diallylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co., Ltd.), 5 g of ethylene glycol dime thacryl ate ("NK 
Ester IG" produced by Shin-Nakamura Chemical Co., Ltd.), 0.5 g of benzil, 
0.17 g of Michler's ketone, and 22g of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components. 

(2) The composition was coated on one surface of a glass plate 
substrate having a dimension of 50 x 60 x 1.5 mm to a thickness of 10 jam. 
Acetone was removed from the coated layer under reduced pressure, to 
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produce a recording material having a two-layer structure comprising the 
substrate and the recording layer. 

(3) A protective material comprising a PET fihn having a size of 
50 X 60 mm and a thickness of 10 p-m was placed to cover the recording layer, 
to produce a three -layer photosensitive plate for recording a hologi'am. 

(4) An object to be recorded was irradiated with He-Cd laser 
hght, and interference was formed between reference hght reflected from a 
reflector and object hght reflected from the object. The three -layer 
photosensitive plate for recording a hologram was placed at a position, at 
which a fiinge pattern formed by the interference could be caught. The 
photosensitive plate was exposed to the He-Cd laser hght (9 mW/cm^) for a 
prescribed period of time under the conditions, and an interference fringe to 
be a hologram could be recorded on the photosensitive plate only by this 
operation with an exposure time of either 15 seconds, 30 seconds, 45 seconds, 
1 minute, 2 minutes, 5 minutes or 10 minutes. 

No operation of development or fixing was necessary. Because the 
recording layer was sandwiched by the glass plate and the protective 
mateiial comprising the PET film, the thickness of the recording layer was 
uniform after exposure. There was no unevenness between a portion that 
had been irradiated with hght of a high intensity and a portion that had 
been ii*radiated with hght of a low intensity, and the record was formed with 
a refractive index modulation. A transparent hologram having a high 
brightness (resolution : 940 fines per mm) and substantially no absorption in 
the visible region was thus obtained. A stable image was maintained after 
removing the protective material. 
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EXAMPLE 26 

(1) A recording material composition was produced by repeating 
the same procedures as in item (l) of Example 1. 

(2) The composition was coated on one surface of a glass plate 
substrate having a dimension of 50 x 60 x 1.5 mm to a thickness of 10 |am. 
Acetone was removed from the coated layer under reduced pressure, to 
produce a recording material having a two -layer structure comprising the 
substrate and the recording layer. 

(3) A protective material comprising a glass plate having the 
same size as the substrate was placed to cover the recording layer, to 
produce a three-layer photosensitive plate of a sandwich form for recording 
a hologram. 

(4) An object to be recorded was irradiated with He-Cd laser 
hght, and interference was formed between reference hght reflected from a 
reflector and object light reflected from the object. The three -layer 
photosensitive plate for recording a hologram was placed at a position, at 
which a fringe pattern formed by the interference could be caught. The 
photosensitive plate was exposed to the He-Cd laser light (10 mW/cm^) for a 
prescribed period of time under the conditions, and an interference fringe to 
be a hologram could be recorded on the photosensitive plate only by this 
operation. 

No operation of development or fixing was necessary. Because the 
recording layer was sandwiched by the two glass plates, the thickness of the 
recording layer was uniform after exposure. There was no unevenness 
between a portion that had been irradiated with hght of a high intensity 
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and a portion that had been irradiated with light of a low intensity, and the 
record was formed with a refractive index modulation. A transpai'ent 
hologram having a high brightness (diffraction efficiency ^ 60%, resolution ^ 
2,000 or more lines per mm) and substantially no absoi-ption in the visible 
region was thus obtained. A stable image was maintained after removing 
the protective material. 

The recording material compositions obtained in Examples 1 to 23 
and capability of copying conducted by using them are shown in Tables 1 
and 2. 
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EXAMPLES 27 TO 36 

(1) 2 g of diallylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co., Ltd.), 3 g of a (ineth)acrylate monomer shown in 
Table 3, 0.25 g of benzU, 0.085 g of Michler's ketone, and 3.5g of acetone 
were mixed at an ordinaiy temperature to prepare recording material 
compositions comprising these components. 

(2) The compositions were coated on one surface of a glass plate 
substrate having a dimension of 60 x 60 x 1.3 mm in an appropriate amount, 
and acetone was removed from the coated layer under reduced pressure, to 
produce recording materials having a two-layer structure comprising the 
substrate and the recording layer. 

(3) A PET film in a strip form having a size of 1 x 60 mm and ^ 
thickness of 20 jj.m was placed on the recording layer, and a protective 
material comprising a glass plate having the same size as the substrate was 
placed thereon, to produce three-layer photosensitive plates having a 
sandwich form for recording a hologram. 

(4) Interference was formed between object light and reference 
light by using a He-Cd laser. The three -layer photosensitive plate for 
recording a hologi-am was placed at a position, at which a fringe pattern 
formed by the interference could be caught. The photosensitive plate was 
exposed to He-Cd laser hght (2.5 mW/cm^) for a prescribed period of time 
under the conditions, and an interference fiinge to be a hologram could be 
recorded on the photosensitive plate . 

The recording material compositions obtained in Examples 27 to 36 
and results of measurement of diffraction ef&ciency conducted by using 
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them are shown in Table 3. 

Evaluation of performance 

The diffi-action efficiency of each transmission type hologram 
obtained in the above-mentioned Examples 27-36 was calculated by 
determining a ratio of diffracted Kght to incident hght with a light power 
meter (OPTICAL POWER/ENERGYMETER, MODEL 66XLA produced by 
PHOTODYNE Co., Ltd.) by the following equation. 

Diffraction efficiency (%) - (diffracted light intensity/incident light 
intensity) x 100 
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EXAMPLE 37 

(1) 2 g of diallylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co., Ltd.), 3 g of neopentyl glycol diaciylate ("NK Ester 
A-NPG" produced by Shin-Nakamura Chemical Co., Ltd.), 1.75 g of 
3,3'4,4'-tetra(tert-butylperoxycarbonyl)benzophenone ("BTTB-25" produced 
by NOF Corporation) as a polymeiization initiator, . 0.005 g of 
3,3'-carbonylbis(7-(dietliylaniiiio)coumarin) ("BC" produced by Midori 
Kagaku Co., Ltd.) as a photosensitizing dye, and 4 g of acetone were mixed 
at an ordinary temperature to prepare a recording material composition 
comprising these components. 

(2) The composition was coated on one surface of a glass plate 
substrate having a dimension of 60 x 60 x 1.3 mm in an appropriate amount, 
and acetone was removed from the coated layer under reduced pressure, to 
produce a recording material having a two -layer structure comprising the 
substrate and the recording layer. 

(3) A PET film in a strip form having a size of 1 x 60 mm and a 
thickness of 20 ptm was placed on the recording layer, and a protective 
material comprising a glass plate having the same size as the substrate was 
placed thereon, to produce a three -layer photosensitive plate having a 
sandwich form for recording a hologram. 

(4) Interference was formed between object Hght and reference 
light by using an Ai* laser (wavelength ^ 488 nm). The three-layer 
photosensitive plate for recording a hologram was placed at a position, at 
which a fringe pattern formed by the interference could be caught. The 
photosensitive plate was exposed to Ar laser Hght (20 mW/cm^) for a 
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prescribed peiiod of time under the conditions, and an interference fringe to 
be a hologram could be recorded on the photosensitive plate. 

The resulting hologi-am exhibited a diffraction efficiency of 89% at 
an exposed amount of 100 mJ/cm^. 

EXAMPLE 38 

(1) 2.3 g of diallylorthophthalate prepolymer ("Daiso DAP Type 
A" produced by Daiso Co., Ltd.), 1.8 g of 

9,9-bis(4-(2-acryloyloxyethoxy)phenyl) fluorene ("BPEFA" produced by 
Osaka Gas Co., Ltd.), 0.9 g of vinyl bisphenylcarboxylate (produced by 
Nippon Steel Chemical Co., Ltd.), 1.75 g of 

3,3'4,4'-tetra(tert-butylperoxycarbonyl)benzophenone ("BTTB-25" produced 
by NOF Coi-p oration), 0.005 g of 3,3'- carbonylbis (7 -(diethyl amino) coumaiin) 
(BC produced by Midori Kagaku Co., Ltd.), and 4 g of tetrahydrofuran were 
mixed at an ordinary temperature to prepare a recording material 
composition comprising these components. 

(2) The composition was coated on one suiface of a glass plate 
substrate having a dimension of 60 x 60 x 1.3 mm in an appropriate amount, 
and tetrahydi'ofuran was removed from the coated layer under reduced 
pressure, to produce a recording material having a two-layer structure 
comprising the substrate and the recording layer. 

(3) A PET film in a strip form having a size of 1 x 60 mm and a 
thickness of 20 M.m was placed on the recording layer, and a protective 
material comprising a glass plate having the same size as the substrate was 
placed thereon, to produce a three -layer photosensitive plate having a 
sandwich form for recording a hologram. 
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(4) Interference was formed between object light and reference 
light by using an Ai* laser (wavelength: 488 nm). The three -layer 
photosensitive plate for recording a hologi-am was placed at a position, at 
which a fringe pattern formed by the interference could be caught. The 
photosensitive plate was exposed to Ar laser hght (2 mW/cm^) for a 
prescribed period of time under the conditions, and an interference fringe to 
be a hologi-am could be recorded on the photosensitive plate. 

The resulting hologram exhibited a diffraction efficiency of 47% at 
an exposed amount of 40 mJ/cm^. 

EXAMPLE 39 

(1) 2.3 g of triallyhsocyanurate prepolymer ("TAIC Prepolymer" 
produced by Nippon Kasei Chemical Co., Ltd.), 2.7 g of neopentyl glycol 
diacrylate ("NK Ester A-NPG" produced by Shin-Nakamura Chemical Co., 
Ltd.), 1.75 g of 3,3'4,4'-tetra(tert-butylperoxycarbonyDbenzophenone 
("BTTB-25" produced by NOF Corporation), 0.02 g of 
3,3'-carbonylbis(7-(diethylamino)coumarin) ("BC" produced by Midori 
Kagaku Co., Ltd.), and 4 g of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components. 

(2) to (4) A photosensitive plate for recording a hologram was 
produced and a hologi*am was obtained by conducting the same procedures 
as in items (2) to (4) of Example 38. 

The resulting hologram could be recorded with an exposure light 
amount of 50, 100 and 200 mJ/cm-, and exhibited a diffraction efficiency of 
about 30%. 
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EXAMPLE 40 

(1) 5.5 g of diallylorthophthalate prepolymer ("Daiso DAP Type 
A" produced by Daiso Co., Ltd.) was dissolved in 27.5 ml of acetone. 0.41 g 
of a 0-lN HCl aqueous solution was dissolved in 4.5 g of 
phenyltrimethoxysilane that had been separately prepared, and the 
resulting solution was mixed with the acetone solution obtained above, 
followed by stirring at 20''C for 1 hour. The resulting solution was heated 
in an oven with a temperature increasing rate of 10° C per hour from 20 to 
80°C, and was allowed to stand at 80°C for 3 days, to remove the solvent, 
methanol as a by-product and water. As a result, a transparent uniform 
complex of a diallylphthalate and an inorganic substance was obtained as a 
reaction product. 

(2) 2.5 g of the reaction product, 2.5 g of neopentyi glycol 
diacrylate ("NK Ester A-NPG" produced by Shin-Nakamura Chemical Co., 
Ltd.), 1.75 g of 3,3'4,4'-tetra(tert-butylperoxycarbonyDbenzophenone 
("BTTB-25" produced by NOF Coi*poration), 0.005 g of 
3,3'-carbonylbis(7-(diethylamino)coumarin) ("BC" produced by Midori 
Kagaku Co., Ltd.), and 4 g of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components- 

(3) to (5) A photosensitive plate for recording a hologram was 
produced and a hologram was obtained by conducting the same procedures 
as in items (2) to (4) of Example 38. 

The resulting hologram could be recorded with an exposure light 
amount of 50, 100 and 150 mJ/cm^, and exhibited a diffraction efficiency of 
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about 30%. 



EXAMPLE 41 



(1) 3 g of diallylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co,, Ltd.), 1 g of thiophenol ("TP" produced by Sumitomo 
Seika Chemicals Co., Ltd.), and 0.02 g of azobisisobutyronitrile as a catalyst 
were dissolved in 30 ml of acetone. The resulting solution was refluxed at 
70°C for 2 hours, and put in 200 g of methanol, in which 0.1 g of 
hydroquinone had been dissolved, to obtain an adduct of a 
diallylorthophthalate prepolymer and thiol, as a reaction product. 

(2) 2.5 g of the reaction product, 2.5 g of neopentyl glycol 
diacrylate ("NK Ester A-NPG" produced by Shin-Nakamura Chemical Co., 
Ltd.), 1.75 g of 3,3'4,4'-tetra(tert-butylperoxycarbony0benzophenone 
("BTTB-25" produced by NOF Corporation), 0.005 g of 
3,3'-carbonylbis(7-(diethylamino)coumarin) ("BC" produced by Midori 
Kagaku Co., Ltd,), and 4 g of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components. 

(3) to (5) A photosensitive plate for recording a hologram was 
produced and a hologram was obtained by conducting the same procedures 
as in items (2) to (4) of Example 38. 

The resulting hologram could be recorded with an exposure light 
amount of 50, 100 and 150 mJ/cm^, and exhibited a diffraction efficiency of 
about 30%, 



EXAMPLE 42 



(1) 



10 g of diallylorthophthalate prepolymer ("Daiso DAP Type 
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A" produced by Daiso Co., Ltd.) was dissolved in 300 ml of carbon 
tetrachloride. 30 ml of bromine was added di'opwise to the solution over 1 
hour with stirring at 5°C or less. The resulting solution was put in 1,000 g 
of methanol, in which 0.1 g of hydro quinone had been dissolved, to obtain an 
adduct of a diallylorthophthalate prepolymer and bromine deposited as a 
reaction product. 

(2) 2.5 g of the reaction product, 2.5 g of neopentyl glycol 
diacrylate ("NK Ester A-NPG" produced by Shin-Nakamura Chemical Co., 
Ltd.), 1.75 g of 3,3'4,4'-tetra(tert-butylperoxycarbonyl)benzophenone 
("BTTB-25" produced by NOF Coiporation), 0.005 g of 
3,3'-carbonylbis(7-(diethylamino)coumarin) ("BC" produced by Midori 
Kagaku Co., Ltd.), and 4 g of acetone were mixed at an ordinary 
temperature to prepare a recording material composition comprising these 
components. 

(3) to (5) c A hologram was obtained by conducting the same 
procedures as in items (2) to (4) of Example 38. 

The resulting hologram could be recorded with an exposure light 
amount of 50, 100 and 150 mJ/cm^, and exhibited a diffraction efficiency of 
about 30%. 

In Examples 27 to 42, no operation of development or fixing was 
necessary. Because the recording layer was sandwiched by the two glass 
plates, the thickness of the recording layer was uniform after exposure. 
There was no un evenness between a portion that had been irradiated with 
hght of a high intensity and a portion that had been iixadiated with light of 
a low intensity, and the record was formed with a refractive index 
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modulation. A transparent hologram having a high brightness and 
substantially no absorption in the visible region was thus obtained. A 
stable image was maintained after removing the protective material. 

Example 43 

8,5 g of diallylorthophthalate prepolymer ("Daiso DAP Type A" 
produced by Daiso Co., Ltd,), 10 g of ethylene glycol dimethacrylate ("NK 
Ester IG" produced by Shin-Nakamura Chemical Co., Ltd.), 1.5 g of 
polyarylate ("U-100" produced by Unitika Ltd.) as a solvent-soluble 
thermoplastic resin, 0.6 g of benzil as a polymerization initiator, 0.2 g of 
Michler's ketone as a photo- sensitizing dye and 20 g of dichloromethane 
were mixed at an ordinary temperature to prepare a recording material 
composition comprising these components. 

(2) to (4) A photosensitive plate for recording a hologram was 
produced and a hologram was copied by conducting the same manner as in 
items (2) to (4) of Example 1. 

A copy thus obtained suffered no coloring, and had a high brightness 
of diffraction efficiency of about 35% conducting development and fixing. 

Example 44 

The same procedures as in Example 43 were repeated, except that 
1.5 g of polysulfone ("Udel P-1700" produced by Amoco Polymers Inc.) as 
solvent- soluble thermoplastic resin was used, to produce recording materiad 
composition and a photosensitive plate for recording hologram on which a 
hologram was copied. 

A copy thus obtained suffered no coloring, and had a high brightness 
of diffi-action efficiency of about 35% conducting development and fixing. 
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Example 45 

(1) 5 g of dialiyl orthophthalate prepolymer ("Daiso DAP, DAPA" 
produced by Daiso Co., Ltd.) as an ally! -based prepolymer (A), 1 g of an 
acrylic acid adduct of 9, 9-bis(4-hydroxyphenyl)fLuorene glycidyl ether 
("ASF400" produced by Nippon Steel Chemical Co., Ltd.) as a radical 
polymerizable compound (bl), 3.5 g of 3, 3', 4, 

4'-tetra(tert-butylperoxycarbonyl)benzophenone ("BTTB-25" produced by 
NOF Corporation) as a photopolymerization initiator, 0.01 g of a 
merocyanine -based dye ("NK4795" produced by Nippon Photosensitizing 
Dye Co., Ltd.) as a sensitizing dye, 4 g of diethyl sebacate ("SDE" produced 
by Wako Pure Chemical Co., Ltd.) as a viscosity reducing agent (el) and 6 g 
of acetone as a solvent were mixed at an ordinary temperature to prepare a 
recording material composition. 

(2) The composition was coated on one surface of a glass plate 
substrate having a dimension of 60 mm X 60 mm to a thickness of 20 m 
after drying. The solvent was removed from the coated layer under 
reduced pressure, to produce a recording medium having a two -layer 
structure comprising the substrate and the recording layer. 

(3) The same glass plate as mentioned above was placed to cover 
the recording layer of this recording medium, to produce a three-layer 
photosensitive plate for recording a hologram. 

(4) An Ar ion laser of 488 nm was spht with a beam splitter, 
angles of each light were changed with a reflector, and both were 
recomposed to form interference to obtain an interference fringe. The 
photosensitive plate was placed at a position where this interference fringe 
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could be caught. 

(5) Figs. 1 and 2 show examples of a transmission type hologram 
and a reflection type hologram respectively. In the figures, (l) is the 
photosensitive plate, and (2) is laser light. 

(6) The photosensitive plate was exposed to light under the 
conditions, and the intei-ference fringe to be the hologram was recorded on 
the photosensitive plate. 

This exposure to light of the transmission type hologi*am and the 
reflection type hologram was carried out using a Hght intensity on the 
photosensitive plate of 1.0 mW/cm- for 10 to 100 seconds at an exposed 
amount of 1 to 100 mJ/cm^. 

EXAMPLES 46 TO 49 

The same procedures as in Example 45 were repeated to produce 
three -layer photosensitive plates for recording a hologram, except that the 
ally! -based prepolymer (A), the radical pol3anerizable compound (bl) and the 
viscosity reducing agent (E) were used in the amounts shown in Table 4. 
Holograms were recorded by using these photosensitive plates. 

EXAMPLES 50 AND 51 

The same procedures as in Example 45 were repeated to produce 
three-layer photosensitive plates for recording a hologram, except that 
diaUyl isophthalate prepolymer ("Daiso ISO -DAP, DAIP" produced by Dais o 
Co., Ltd.) or triallyl isocyanurate prepolymer ("TAIC Prepolymer, TAIC" 
produced by Nippon Kasei Chemical Co., Ltd.) as the allyl -based prepolymer 
(A), bisphenoxyethanolfluorene diacrylate ("BPEFA" produced by Osaka Gas 
Co., Ltd.) as the radical polymerizable compound (bl) and SDE as the 



70 



viscosity reducing agent (E) were used in respective amounts shown in 
Table 4. Holograms were recorded by using these photosensitive plates. 

EXAMPLES 52 AND 53 

The same procedures as in Example 45 were repeated to produce 
three-layer photosensitive plates for recording a hologram, except that 
ASF400 as the radical polymerizable compound (bl) and divinylbiphenyl 
("DBVP" produced by Nippon Steel Chemical Co., Ltd.) as a radical 
polymerizable compound (b2) were used in respective amounts shown lq 
Table 4. Holograms were recorded by using these photosensitive plates. 

EXAMPLES 54 TO 61 

The same procedures as in Example 45 were repeated to produce 
three-layer photosensitive plates for recording a hologram, except that 
ASF400, bis(4-methacryloylthiophenyl)sul£Lde CTVEPSMA" produced by 
Sumitomo Seika Chemicals Co., Ltd.), tribromophenol acrylate ("BR-30" 
produced by Daiichi Kogyo Pharmaceutical Co., Ltd.), tribromophenol 
me th acrylate ("SR-804" produced by Daiichi Kogyo Pharmaceutical Co., 
Ltd.) or N-vinylcarbazole ("NVC" produced by Tokyo Chemical Industry Co., 
Ltd.) as the radical polymerizable compound (bl), DBVP as the radical 
polymerizable compound (b2) and SDE as a nonre active viscosity reducing 
agent (el) were used in respective amounts shown in Table 4, Holograms 
were recorded by using these photosensitive plates. 

EXAMPLES 62 TO 71 

The same procedures as in Example 45 were repeated to produce 
three-layer photosensitive plates for recording a hologram, except that 
ASF400 as the radical polymerizable compound (bl), diethyl adipate ("ADE" 
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produced by Kanto Chemical Industry Co., Ltd.), dibutyl adipate ("ADB" 
produced by Wako Pure Chemical Co., Ltd.), dibutyl sebacate ("SDB" 
produced by Wako Pure Chemical Co., Ltd.), dimethyl phthaiate ("PDM" 
produced by Wako Pure Chemical Co., Ltd.), dibutyl phthaiate ("PDB" 
produced by Kanto Chemical Industry Co., Ltd.) or dioctyl phthaiate ("PDO" 
produced by Wako Pure Chemical Co., Ltd.) instead of SDE as the 
nonreactive viscosity reducing agent (el), diaUyl orthophthalate monomer 
("DAPM" produced by Daiso Co., Ltd.), diallyl isophthalate monomer 
("DAIM" produced by Daiso Co., Ltd.), diallyl terephthalate monomer 
("DATM" produced by Daiso Co., Ltd.) or diallyl adipate ("ADA" produced by 
Tokyo Chemical Industry Co., Ltd.) as a (meth)allyl-based viscosity reducing 
agent (e2) were used in respective amounts shown in Table 5. Holograms 
were recorded by using these photosensitive plates. 

COMPARATIVE EXAMPLES 1 TO 5 

Almost the same procedures as in Example 1 were repeated to 
produce three -layer photosensitive plates for recording a hologram, except 
that ASF400, MPSMA, BP-30, SR-804, NVC or DBVP as the radical 
polymerizable compound was used in the amount shown in Table 6 and the 
viscosity reducing agent was not used. Holograms were recorded by using 
these photosensitive plates. All these radical polymerizable compounds 
have refractive indexes higher than that of the allyl-based prepolymer (A). 

Evaluations of obtained measured values are shown in Tables 4 to 7. 

All the holograms obtained in Examples suffered no coloring, and 
had a high biightness of a diffraction ef&ciency of 30% or more for the 
transmission type hologi'am and the reflection type hologram without 
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conducting development and fixing. The hologi'ams maintained a stable 
image for a long period of three months or more, after peeling the glass plate. 
The records were formed with the refractive index modulation, but not 
unevenness on the recording layer, and transparent hologi'ams having 
substantially no absorption in the visible region were obtained. 

On the other hand, all the holograms obtained in Comparative 
Examples exhibited only a diffraction efficiency of less than 10%. 

Evaluation of pei-formance 

The diffraction . efficiency of e ach transmission typ e hologram 
obtained in the above-mentioned Examples 45-71 and. Comparative 
Examples 1-5 was calculated by determining a ratio of diffracted Hght to 
incident hght with a light power meter (OPTICAL 
POWER/ENERGYMETER, MODEL 66XLA produced by PHOTODYNE Co., 
Ltd.) by the following equation. 

Diffraction ef&ciency (%) — (diffracted hght intensity /incident light 
intensity) x 100 

The diffraction efficiency of the reflection type hologram was 
determined by measuring transmittance with an ultraviolet 
spectrophotometer 0^-550" produced by Nippon Spectroscopy Co., Ltd.). 

The obtained results in the above-mentioned Examples 45-71 and 
Comparative Examples 1-5 are shown by Tables 4 to 6. 
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Because the hologram recording material composition of the 
invention is substantially in a solid state, a heat treatment for solidifying a 
flowable composition, as a conventional product, is not necessary. 
Therefore, the composition of the invention can simplify the film formation 
operation on producing a hologram recording medium, and thus exhibits 
good workability. 

Because the recording layer obtained from the hologram recording 
material composition of the invention is substantially in a soUd state, it is 
excellent in handling as when touched with hand, it does not contaminate 
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hand. Additionally, ia the recording material having the recording layer, 
the recording layer suffers no drip or shift from the substrate when it is 
slanted, and it is thus easy to transport. 

Furthermore, the recording material after recording a hologram has 
a high transparency and is excellent in stability because the allyl-based 
prepolymer (A) and the (meth)acrylate -based compound (B) are present in 
the form of a polymer having a sufficient high molecular weight, and it is 
free of a problem in that a record becomes unclear due to re -diffusion of 
them. Therefore, an operation of development or fixing for stabilizing the 
recorded image is not necessary, and thus a hologram can be recorded by a 
real-time operation. 

Furthermore, when the radical polymerizable compound (bl) of 
which typical example is the flu orene -based compound, and the viscosity 
reducing agent (E) are used simultaneously, a reflection type hologram can 
also be recorded with a high diffraction efficiency, while maintaining the 
above-mentioned characteiistics. 

According to the invention, a hologi*am recording material 
composition can be provided that can eliminate complication in film forming 
operation, which is the problems associated with the conventional product, 
while exhibiting good performance demanded for a hologram, such as a 
transparency, a diffraction efficiency and a resolution, as similar to the 
conventional product. 

Furthermore, the recording material after recording the hologram 
has the high transparency. Since the allyl-based prepolymer (A) and the 
(meth)acrylate-based compound (B) are present in the form of the polymer 
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having the sufficient high molecular weight by only one exposure to hght, it 
is free of the problem in that the record becomes unclear due to the 
re -diffusion of them. The recording material is also excellent in long-term 
heat resistance, weather resistance, solvent resistance and the hke. 
Therefore, the operation of development or fixing for stabilizing the recorded 
image is not necessary, and thus the hologram can be recorded by the 
real-time operation. 
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